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ABSTRACT 


The skeletal musculature of 11 talpid genera is described, and 58 myological characters are 
defined and used in a phylogenetic analysis of the Talpidae. This analysis included the out¬ 
group taxa Atelerix (Erinaceidae) and Blarina (Soricidae), and it discovered a single most 
parsimonious tree. Inclusion of Uropsilus in a monophyletic Talpidae needs further evaluation, 
but there is very strong support for the monophyly of other talpids. Contrary to previous 
interpretations of talpid relationships, this phylogenetic analysis indicates (1) the fully fossorial 
moles Parascalops , Scalopus, Scapanus , and Talpa are monophyletic; (2) the Eurasian genus 
Talpa is sister taxon to the North American genera Scalopus and Scapanus ; and (3) the long¬ 
tailed mole Scaptonyx is part of a clade with the shrew moles Neurotrichus and Urotrichus. 
Preliminary biogeographic analysis suggests that the Talpidae originated in the Old World, 
and that there were separate dispersals from Eurasia to North America by Condylura, Neu¬ 
rotrichus, Parascalops, and the common ancestor of Scalopus and Scapanus. 


INTRODUCTION 

The mammalian family Talpidae contains 
the fossorial moles, the shrew moles, and the 
desmans. The Talpidae has traditionally been 
classified in the order Insectivora (e.g., Simp¬ 
son, 1945; Hutterer, 1993), although chang¬ 
ing views on mammalian phylogeny and 
classification have led some recent workers 
to place it either in the order Lipotyphla (e.g., 
Butler, 1972, 1988; MacPhee and Novacek, 
1993) or the order Erinaceomorpha (e.g., 
McKenna and Bell, 1997). There is disagree¬ 
ment as to the sister group of talpids, with 
some workers holding that it is the Erinacei¬ 
dae (McDowell, 1958; Van Valen, 1967; Mc¬ 
Kenna and Bell, 1997) and others that it is 
the Soricidae (Butler, 1988; Carroll, 1988). 
Although it is generally agreed that talpids 
form a monophyletic lineage (Yates and 
Moore, 1990), there have been no explicit 
statements of derived characters for the 
group. Recent classifications of the Talpidae 
(Van Valen, 1967; Yates, 1984; Corbet and 
Hill, 1991; Hutterer, 1993; McKenna and 
Bell, 1997) have recognized between 12 and 
17 genera and between 31 and 42 species. In 
the present study I follow the classification 
of Corbet and Hill (1991), which recognized 
12 genera and 31 species (table 1). 

Living talpids exhibit a remarkable diver¬ 
sity of lifestyles and locomotor habits, which 
Yates and Moore (1990) categorized as am¬ 
bulatory, semifossorial, semiaquatic, aquatic/ 
fossorial, and fossorial (table 1). The Chinese 
shrew moles ( Uropsilus ) have well-devel¬ 
oped ear pinnae and unspecialized forefeet 
(Nowak, 1991), and their locomotor habits 


are probably best described as ambulatory. 
The American and Japanese shrew moles 
(Neurotrichus and Urotrichus, respectively) 
have reduced ear pinnae, thickened palms, 
and heavy claws. They will burrow at least 
occasionally (Nowak, 1991), and can be con¬ 
sidered semifossorial. The habits of the long¬ 
tailed mole ( Scaptonyx ) have apparently not 
been recorded (Nowak, 1991), but this mole 
is similar in external form to Neurotrichus 
and Urotrichus, and it is probably also semi¬ 
fossorial. The desmans ( Desmana and Gal- 
emys) are semiaquatic, with webbed feet and 
a tail that is laterally compressed for at least 
part of its length (Nowak, 1991). The star¬ 
nosed mole ( Condylura ) is an accomplished 
burrower, with broadened forefeet and heavy 
claws. However, it also swims regularly in 
fresh water, and Yates and Moore (1990) 
considered it to be aquatic/fossorial. The re¬ 
maining genera ( Parascalops, Scalopus, Sca- 
panulus, Scapanus, and Talpa) are the New 
and Old World burrowing moles, and they 
can be considered fully fossorial. 

The oldest fossils assigned to the Talpidae 
are from the late Eocene of Europe (McKen¬ 
na and Bell, 1997). In contrast, talpids do not 
appear in North America until the late Oli- 
gocene (McKenna and Bell, 1997). This time 
difference suggests a Eurasian origin for the 
group, with subsequent dispersal to North 
America. However, it is not clear when 
moles arrived in North America, how many 
invasions there were, or what route(s) they 
took. Dobson (1891) believed that the New 
World fossorial moles are derived from an 
Old World ancestor similar to Talpa that 
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TABLE 1 

Classification of the Talpidae 

Classification, common names, and geographic distributions after Corbet and Hill (1991), with 
number of recognized species in parentheses. Locomotor habits after Yates and Moore (1990). 


Taxa 

Common name 

Geographic distribution 

Locomotor habits 

Subfamily Uropsilinae 

Uropsilus (3) 

Chinese shrew moles 

China and Burma 

Ambulatory 

Subfamily Desmaninae 

Desmana (1) 

Russian desman 

Russia and Siberia 

Semiaquatic 

Galemys (1) 

Pyrenean desman 

France, Portugal, and Spain 

Semiaquatic 

Subfamily Talpinae 

Talpa (15) 

Eurasian moles 

Eurasia 

Fossorial 

Scaptonyx (1) 

Long-tailed mole 

China and Burma 

Semifossorial 

Neurotrichus (1) 

American shrew mole 

Western North America 

Semifossorial 

Urotrichus (2) 

Japanese shrew moles 

Japan 

Semifossorial 

Scapanulus (1) 

Kansu mole 

China 

Fossorial 

Parascalops (1) 

Hairy-tailed mole 

Eastern North America 

Fossorial 

Scapanus (3) 

Western American moles 

Western North America 

Fossorial 

Scalopus (1) 

Eastern American mole 

Eastern and central North America 

Fossorial 

Condylura (1) 

Star-nosed mole 

Eastern North America 

Aquatic/fossorial 


crossed a Bering land bridge, and that the 
American shrew mole Neurotrichus is the re¬ 
sult of a second invasion by a form similar 
to the Japanese shrew mole Urotrichus. 
Hutchison (1976) contended that only am¬ 
bulatory moles could have crossed a Bering 
land bridge, implying the independent devel¬ 
opment of full fossoriality in the New and 
Old World fossorial moles. Vaughan (1986) 
held that the Talpidae reached North America 
across a North Atlantic bridge in the early 
Tertiary, but he did not comment on the num¬ 
ber of dispersal events. Moore (1986) argued 
for three separate invasions of North Amer¬ 
ica: one for the New World burrowing moles 
( Parascalops, Scalopus, and Scapanus ), one 
for Condylura, and another for Neurotrichus. 

Recent phylogenetic hypotheses for the 
Talpidae have been based on osteology 
(Hutchison, 1968, 1976), allozymes (Yates 
and Greenbaum, 1982; Moore, 1986), and a 
combination of genic, cytogenetic, and mor¬ 
phological characters (Yates and Moore, 
1990). However, these previous studies have 
not included data matrices, and only Moore 
(1986) provided an explicit discussion of 
characters and character polarities. In addi¬ 
tion, only Hutchison (1976) and Yates and 
Moore (1990) included all extant genera. The 
phylogenies of Hutchison (1976) and Yates 
and Moore (1990) differ in important ways, 


but they both separate the fully fossorial Old 
World genus Talpa from the fully fossorial 
New World genera Parascalops, Scalopus, 
and Scapanus (fig. 1). This implies either that 
full fossoriality evolved independently in 
Talpa and the North American fossorial mo¬ 
les, or that some taxa secondarily lost fos¬ 
sorial habits. Also, both phylogenies separate 
Scaptonyx from Neurotrichus and Urotri¬ 
chus, which implies that the similarity in ex¬ 
ternal form between Scaptonyx and the two 
shrew moles is due either to primitive fea¬ 
tures or to convergence. 

Comparative myology has been a valuable 
source of characters for systematic analyses 
of mammals (e.g., Klingener, 1964; Woods, 
1972; Griffiths, 1982; Dunlap et al„ 1985; 
Stein, 1986, 1990; Ryan, 1989). Although in¬ 
tergeneric variation in myology has been not¬ 
ed in talpids (Dobson, 1882—1890; Camp¬ 
bell, 1939; Reed, 1951), myological charac¬ 
ters have never been used for the phyloge¬ 
netic analysis of the group. In the present 
study 1 use comparative myology as a new 
source of characters for the phylogenetic 
analysis of the Talpidae. 1 describe the skel¬ 
etal musculature of 11 talpid genera, define 
muscle differences between taxa as charac¬ 
ters, and use these characters in the first true 
cladistic analysis of talpid phylogeny. 1 then 
compare the clades discovered in this anal- 
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Fig. 1. Two recent phylogenetic hypotheses for the Talpidae, modified to include only extant taxa 
and to conform to the generic classification of Corbet and Hill (1991). A, Hutchison (1976:13), based 
on osteology; B. Yates and Moore (1990:15), based on morphology, genetics, and cytogenetics. 


ysis with those recognized in previous phy¬ 
togenies, addressing three specific questions: 
(1) Did full fossoriality evolve independently 
in the New and Old World burrowing moles, 
or are the fully fossorial moles monophylet- 
ic? (2) Is the similarity between Scaptonyx, 
Neurotrichus, and Urotrichus due to primi¬ 
tive features or convergence, or are these 
semifossorial taxa monophyletic? (3) How 
many dispersal events were involved in the 
origin of the Recent North American mole 
fauna? 

SPECIMENS EXAMINED 

I dissected 37 fluid-preserved talpid spec¬ 
imens (table 2), including 11 of the 12 genera 
recognized by Corbet and Hill (1991). The 
only genus that I was not able to dissect is 
Scapanulus, which is very rare in study col¬ 
lections (Nowak, 1991). I assumed that the 
polytypic genera Scapanus, Talpa, and Uro¬ 
trichus are monophyletic, and since previous 
myological studies of mammals have found 
little myological variation below the generic 
level (Rinker and Hooper, 1950; Rinker, 
1963; Stein, 1986), I considered Scapanus 
townsendii, Talpa europaea, and Urotrichus 
talpoicles as representative of their respective 
genera. I also assumed that Uropsilus is 
monophyletic, and I let U. gracilis and U. 
soricipes represent this genus. 

I dissected the entire skeletal muscular 
system with the exception of the extrinsic oc¬ 
ular muscles, the diaphragm, the perineum, 
and most of the intrinsic muscles of the back. 


Also, I did not dissect in detail the muscles 
associated with the ear pinna of Uropsilus 
because the other study taxa do not have pin¬ 
na muscles. Several of the specimens avail¬ 
able to me were not intact, and therefore 1 
was not able to describe all muscles for all 
taxa; notable gaps are in the cranial muscles 
of Galemys and in the upper pelvic limb 
muscles of Scaptonyx. Furthermore, fluid- 
preserved specimens of Desmana, Galemys, 
Scaptonyx, Uropsilus, and Urotrichus are 
rare in museum collections, and in these I did 
not dissect the deeper axial muscles. These 
muscles showed little variation in the other 
taxa, and their dissection would have caused 
considerable damage to the specimens. 

Dissections were made under a Bausch 
and Lomb Stereozoom Microscope (3.5— 
30X) and a Nikon SMZ-U Stereoscopic Mi¬ 
croscope (3.75—37.5X). Dermal muscles 
were dissected by first shaving the fur and 
vibrissae from the head and neck region, and 
then gradually shaving and peeling away the 
sequential layers of facial muscles. An iodine 
stain (Bock and Shear, 1972) was used to 
identify the fiber direction of the smallest and 
thinnest muscle layers. 

Muscle descriptions include information 
on origin, insertion, shape, and topographic 
position relative to other anatomical struc¬ 
tures. Nongenetic factors such as mode of 
preservation and the size, age, and condition 
of the specimens at the time of preservation 
may all contribute to apparent variation in 
myology (Stein, 1986; personal obs.), and 
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TABLE 2 

List of Specimens Examined 

Abbreviations: AMNH, American Museum of Natural History; HPW, personal collection of the author; TTU, Texas 
Tech University; UMA, University of Massachusetts Museum of Zoology; UMMZ, University of Michigan Muse¬ 
um of Zoology; USNM, United States National Museum, Smithsonian Institution. Arranged by family, and then alpha¬ 
betically by genus and specimen number. 



Talpidae 

Talpidae (continued) 

Condylura cristata 


Scapanus townsendii 


HPW 339 

USA, Massachusetts, Franklin Cty. 

HPW 351 

USA, Washington, Kings Cty. 

HPW 359 

USA, Massachusetts. Franklin Cty. 

HPW 352 

USA, Washington, Kings Cty. 

HPW 377 

USA, Massachusetts, Franklin Cty. 

HPW 353 

USA, Washington, Kings Cty. 

UMA 3216 

USA, Massachusetts, Hampshire Cty. 

HPW 354 

USA, Washington, Kings Cty. 

UMA 3217 

USA, Massachusetts, Hampshire Cty. 

Scaptonyx fusicaudus 


Desmana moschata 


USNM 574391 

China, Sichuan, Shimian Xian 

AMNH 244222 

Russia, Vladimir Region, Murom 

Talpa europaea 


Galemys pyrenaicus 


UMMZ 62242 

Europe 

HPW 400 

No collection data available 

UMMZ 138459 

Europe 

USNM 152522 

France, Ariege Departement, 
Ax-les-Thermes 

UMMZ 157792 

Europe 


Uropsilus gracilis 


Neurotrichus gibbsii 


AMNH 114565 

Burma, Kachin Province 

HPW 327 

USA, Washington, Kings Cty. 

AMNH 232373 

China, Szechuan Province 

HPW 328 

TTU 29909 

USA, Washington, Kings Cty. 

USA, Washington, Pierce Cty. 

Uropsilus soricipes 
USNM 574389 

China, Sichuan, Shimian Xian 

UMA 3916 

Canada, British Columbia, Vancouver 

Parascalops breweri 
HPW 298 

USA, Massachusetts, Hampshire Cty. 
USA, Massachusetts, Franklin Cty. 

Urotrichus talpoides 
AMNH 232456 

USNM 355922 

Japan, Shizuoka Province 

Japan, Shizuoka Province 

HPW 299 

HPW 341 

USA, Massachusetts, Franklin Cty. 


Erinaceidae 

HPW 360 

USA, New York, Columbia Cty. 

Atelerix spp. 

HPW 401 

HWP 402 


HPW 371 

USA, Massachusetts, Hampden Cty. 

No collection data available 

No collection data available 

HPW 387 

USA, Massachusetts, Hampshire Cty. 

TTU 29914 

USA, Ohio, Ashtabula Cty, 

UMA 3157 

USA, Massachusetts, Hampshire Cty. 


Soricidae 

Scalopus aquaticus 


Blarina brevicauda 


HPW 350 

USA, Massachusetts, Hampshire Cty. 

HPW 178 

USA, Massachusetts, Hampshire Cty. 

HPW 362 

USA, Massachusetts, Hampshire Cty. 

HPW 357 

USA, Massachusetts, Hampshire Cty. 

HPW 363 

USA, Massachusetts, Hampshire Cty. 

HPW 358 

USA, Massachusetts, Franklin Cty. 

TTU 29957 

USA, Michigan, Clinton Cty. 

HPW 369 

USA, Massachusetts, Hampshire Cty. 


therefore I was conservative in identifying 
muscle differences between taxa. I did not 
attempt to make precise size comparisons, al¬ 
though I remark on obvious differences in 
muscle size between taxa. Muscle innerva¬ 
tions were determined only where homology 
was in question. 

The muscle descriptions are arranged into 
groups according to innervation and topo¬ 
graphic position. The myology of Parascal- 
ops is used as a standard for comparison in 
the descriptions, and conditions in the other 
genera are discussed under Remarks. I follow 


Dobson (1882-1890), Campbell (1939), 
Reed (1951), Gaughran (1954), and Meinertz 
(1978a) for muscle nomenclature; where 
these authorities disagree 1 note synonyms 
under Remarks. Problems of homology are 
also discussed under Remarks. I follow Reed 
(1951) and Gaughran (1954) in naming os- 
teological structures that serve as points of 
origin and insertion for muscles. The orien¬ 
tation of the talpid humerus varies consid¬ 
erably in the different genera, and in the fully 
fossorial genera it is abducted to such a de¬ 
gree that its distal end is dorsal to the glenoid 
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articulation. Therefore, its anatomically me¬ 
dial surface is actually lateral in position. 
However, to avoid confusion I use the terms 
medial and lateral in the muscle descriptions 
as if the humerus were oriented in the normal 
quadrupedal position. 

Most muscles are illustrated with line 
drawings of the condition in Parascalops, 
but the intrinsic muscles of the manus are 
illustrated for Galemys and the intrinsic mus¬ 
cles of the pes for Neurotrichus. The draw¬ 
ings were prepared with the aid of a camera 
lucida attachment for the Nikon SMZ-U Ste¬ 
reoscopic Microscope, and they are not to the 
same scale. They are grouped after the mus¬ 
cle descriptions. 

DESCRIPTIVE MYOLOGY 

Branchiomeric Musculature 
Trigeminal Field 
Masticatory Group 

M. temporalis (fig. 2) 

Origin: From a broad area of the dorsal 
and lateral skull, extending from the frontal 
almost to the occipital, and medially to the 
dorsal midline; some deeper fibers originate 


from the lateral wall of the skull and from 
the medial surface of the zygomatic arch. 

Insertion: The insertion of this muscle is 
complex. The anterior fibers extend ventrally 
to insert on the tip and anterior margin of the 
coronoid process. The deep anterior fibers 
from the side of the skull insert on the medial 
surface of the coronoid process. The dorsal 
fibers from the midline of the skull converge 
to a stout insertion on the tip of the coronoid 
process, with some fibers running onto the 
medial surface. The posteriormost fibers ex¬ 
tend anteriorly to insert along the posterior 
margin of the coronoid process. The fibers 
from the medial surface of the zygomatic 
arch extend anteriorly, then curve ventrally 
to insert on the anterior margin of the coro¬ 
noid process. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri¬ 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, Uropsilus, and Urotrichus. 
In Uropsilus, the portion from the medial 
surface of the zygomatic arch is particularly 
well developed. 

M. masse ter (figs. 2, 6, and 7) 

Origin: A superficial layer from the max¬ 
illary root and the lateral surface of the an- 
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terior zygomatic arch, and a deep layer from 
the ventral surface of the posterior zygomatic 
arch. 

Insertion: The superficial portion on the 
lateral surface and posterior and ventral mar¬ 
gins of the angular process, the deep portion 
in the masseteric fossa and along the ventral 
margin of the condylar process of the den¬ 
tary. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. The superfi¬ 
cial masseter of Uropsilus originates from a 
prominent tubercle at the maxillary root of 
the zygoma, as Hutchison (1968) suspected. 
Fiedler (1953) considered the deep layer to 
be a separate muscle, M. zygomaticomandi- 
bularis. Zlabek (1938) provided a detailed 
description of this muscle for Talpa and Gal¬ 
emys (his Myogale ), and Gaughran (1954) 
compared a number of published descriptions 
of the talpid masseter. 

M. pterygoideus externus 

Origin: As a dorsal head from the ventral 
margin of the frontal bone and a ventral head 
from the orbitotemporal region. 

Insertion: The fibers of the two heads 
converge and attach on the medial surface of 
the condylar process of the mandible. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotrichus, Parascalops, Scalopus, Sca- 
panus, and Talpa. 

Internal Pterygoid Group 

M. pterygoideus internus 

Origin: From an extensive area dorsal and 
lateral to the pterygoid region. 

Insertion: Over the entire medial surface 
of the angular process of the mandible. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotrichus, Parascalops, Scalopus, Sca- 
panus, Scaptonyx, Talpa, and Urotrichus. 

M. tensor veli palatini 

Origin: From the ventral surface of the 
skull, just anteromedial to the tympanic ring. 

Insertion: Via an aponeurotic sheet on the 
posterior surface of the secondary palate. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 


Neurotrichus, Parascalops, Scalopus, Sca- 
panus, Scaptonyx, Talpa, and Urotrichus. 
Some fibers of this muscle may insert on the 
dorsal surface of the pterygoid hamulus; 
these fibers are especially obvious in Con¬ 
dylura. The tendon of insertion of this mus¬ 
cle extends over the pterygoid hamulus, and 
the belly of the muscle covers the eustachian 
tube. 

M. tensor tympani 

I did not find this muscle in the taxa ex¬ 
amined. 

Mylohyoid Group 

M. digastricus, venter anterior (fig. 6) 

The posterior portion of the digastric is 
discussed with the muscles of the Facial 
Field. 

Origin: A lateral portion from a chevron¬ 
shaped tendinous inscription with the poste¬ 
rior belly of the digastric, and a medial por¬ 
tion from a tough, concave fascial sheet. This 
fascial sheet extends posterolaterally from 
the midline to join the tendinous inscription 
between the anterior and posterior digastric 
bellies. 

Insertion: The lateral portion onto the 
ventral surface of the mandible via a stout 
digastric tendon, the medial portion onto the 
ventral surface of the mandible and the di¬ 
gastric tendon. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par¬ 
ascalops, Scalopus, Scapanus, Scaptonyx, 
Talpa, and Urotrichus. Uropsilus has no me¬ 
dial portion to the anterior belly. Desmana 
has a lateral portion similar to the other taxa, 
but the medial portion becomes split, with a 
superficial layer originating from the tendon 
of the opposite side, and a deep layer origi¬ 
nating from the median raphe of M. mylo- 
hyoideus profundus; both layers insert on the 
digastric tendon near its attachment to the 
mandible. I did not discern the azygous com¬ 
ponent that Dobson (1882—1890) described 
for Desmana. Gaughran (1954) did not iden¬ 
tify a tendinous inscription in this muscle in 
Scalopus, and he identified the lateral portion 
of the venter anterior as part of the venter 
posterior. Fiedler’s (1953) interpretation of 
this muscle in Talpa is similar to mine. 
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Fig. 3. Dorsal view of facial muscles of Parascalops\ superficial muscles on left, deeper muscles 
on right. 



Fig. 4. 


Lateral view of facial muscles of Parascalops, M. sphincter colli superficialis removed. 
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M. mylohyoideus, pars superficialis (fig. 

6 ) 

This muscle is a sheet of transverse fibers 
that runs between the two halves of the man¬ 
dible, attaching to the ventral surface of each 
ramus; there is no indication of a median 
raphe. This muscle lies deep to M. digastri- 
cus and superficial to M. geniohyoideus. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. mylohyoideus, pars profundus 

Origin: From the medial surface of the 
mandible. The anterior fibers extend trans¬ 
versely, whereas the more posterior fibers ex¬ 
tend posteromedially. 

Insertion: In a midventral raphe with fi¬ 
bers of the antimere, with the posteriormost 
fibers attaching to the basihyal cartilage. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. The midven¬ 
tral raphe of this muscle is firmly attached to 
M. geniohyoideus. 

Facial Field 

The muscles supplied by the facial nerve 
are typically split into two groups, the su¬ 
perficial facial muscles, or muscles of ex¬ 
pression, and the hyoid constrictor muscles. 
The superficial facial muscles of therian 
mammals consist of three distinct layers: M. 
sphincter colli superficialis, M. platysma, and 
M. sphincter colli profundus (Huber, 1930, 
1931). M. sphincter colli superficialis is the 
most superficial of these and has transverse 
fibers, M. platysma is the middle layer and 
has longitudinal fibers, and M. sphincter colli 
profundus is the deepest layer and has trans¬ 
verse fibers. According to Huber, M. sphinc¬ 
ter colli superficialis forms at most a simple 
band encircling the neck, whereas Mm. pla¬ 
tysma and sphincter colli profundus give rise 
to a diversity of specialized facial muscles. 1 
interpret the facial muscles of talpids in this 
way, and follow Huber’s classification in my 
treatment of these muscles. Meinertz (1978a 
& 1978b) described in detail the facial mus¬ 
cles of Erinaceus, Talpa, Suncus (his Pach- 
yura), and Sorex. Although 1 disagree with 
some of his interpretations, 1 have followed 
his names for these muscles except where 
noted. Uropsilus has a well-developed ear 


pinna, with a number of associated muscles 
not found in other talpids; these muscles are 
not described here. 

Superficial Facial Group 

M. sphincter colli superficialis (fig. 3) 

Origin: From the skin and connective tis¬ 
sue of the ventral midline, where the anti- 
meres decussate. 

Insertion: On the side of the neck and on 
the dorsal surface of the shoulder. Fibers of 
M. sphincter colli superficialis appear to 
merge with fibers of the pars intermedia dor¬ 
salis of M. sphincter colli profundus where 
the two layers overlap. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri- 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, Uropsilus, and Urotrichus. 

M. platysma and derivatives 

The platysmal layer consists of the prom¬ 
inent M. platysma myoides and the various 
retroauricular muscles. M. cervico-auriculo- 
frontalis (figs. 2 and 3) is a prominent retro- 
auricular muscle that originates from the dor¬ 
sal surface of the neck, continuous with and 
medial to M. platysma myoides. M. mandi- 
bulo-auricularis, which extends along the au¬ 
ditory tube, also belongs in this group (Hub¬ 
er and Hughson, 1926). The remaining re¬ 
troauricular muscles are deeper and originate 
from the dorsal midline. They are thin, del¬ 
icate muscles that insert into the skin of the 
head, neck, and shoulder. In some mammal 
groups an M. platysma cervicale encircles 
the neck, but 1 did not find this muscle in 
talpids. 

M. platysma myoides (figs. 3 and 4) 

Origin: In two parts: a large dorsal sheet, 
which splits to form a pars frontalis and a 
pars labialis superioris, and a smaller ventral 
sheet, the pars labialis inferioris. The dorsal 
platysmal sheet originates with M. cervico- 
auriculo-frontalis over a broad area of the 
back and shoulder region, superficial to M. 
cutaneus maximus. Some fibers also arise 
from the dorsal surface of the forelimb. Just 
posterior to the ear opening, this sheet sep¬ 
arates from M. cervico-auriculo-frontalis to 
run ventral to the ear. Anterior to the ear, it 
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splits to form the pars frontalis and the pars 
labialis superioris. The pars labialis inferioris 
originates separately from the posterior and 
ventral surfaces of the forelimb. 

Insertion: Pars frontalis on the bony ros¬ 
trum anterior to the eye and deep to M. cer- 
vico-auriculo-frontalis, pars labialis superior¬ 
is into the corner of the mouth, and pars la¬ 
bialis inferioris into the intermandibular fas¬ 
cia, along the angle of the jaw, and in fascia 
on the side of the head. 

Remarks: The general form of this mus¬ 
cle, with a pars frontalis, pars labialis super¬ 
ioris, and pars labialis inferioris, is similar in 
Condylura, Desmana, Neurotrichus, Paras- 
calops, Scalopus, Scapanus, Scaptonyx, Tal- 
pa, Uropsilus, and Urotrichus. 

M. cervico-auriculo-frontalis (fig. 4) 

Origin: From the skin over the shoulders 
and back, together with M. platysma myoi- 
des pars dorsalis. 

Insertion: On the rostrum just anterior to 
the eye, superficial to M. platysma myoides 
pars frontalis. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri¬ 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, Uropsilus, and Urotrichus. 
This muscle separates from the platysmal 
sheet to pass dorsal to the ear. It covers the 
top of the head, where it is continuous at the 
midline with its antimere. Some fibers from 
this sheet attach to the skin around the dorsal 
rim of the ear opening. Dobson (1882—1890) 
grouped Mm. cervico-auriculo-frontalis and 
platysma myoides pars frontalis as M. fron- 
tocuticularis. 

M. interscutularis 

The interscutularis is a thin band of fibers 
extending across the dorsal midline and con¬ 
necting the dorsal surfaces of the auditory 
canals. It lies deep to the other facial muscles 
and superficial to M. temporalis. I found this 
muscle in some specimens of Condylura and 
Uropsilus, but it is very difficult to see, and 
I am not sure of its distribution in the other 
study taxa. 

M. cen’ico-occipitalis (fig. 3) 

Origin: From the dorsal midline just deep 
to M. cervico-auriculo-frontalis. 


Insertion: Into the skin over the top of the 
head. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri¬ 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, Uropsilus, and Urotrichus. 

M. cen’ico-auricularis, pars superficialis 
(fig- 3) 

Origin: From the dorsal midline, contin¬ 
uous with the posterior margin of M. cervi- 
co-occipitalis. 

Insertion: On the posteromedial edge of 
the auditory canal. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. cervico-auricularis pars profundus 
(fig- 3) 

Origin: From the dorsal midline of the 
neck, deep to M. cervico-auricularis pars su¬ 
perficialis. 

Insertion: Into the skin over the forelimb. 

Remarks: This muscle has the same gen¬ 
eral form in Parascalops, Scalopus, Scapan¬ 
us, and Talpa. In Condylura, Desmana, Gal- 
emys, Neurotrichus, Scaptonyx, Uropsilus, 
and Urotrichus it inserts with the pars su¬ 
perficialis on the posteromedial edge of the 
auditory canal. 

M. occipitofrontalis 

Origin: From the occipital region of the 
skull, adjacent to the dorsal midline and just 
posterior and medial to M. temporalis. 

Insertion: Via a long tendon into the in¬ 
tegument over the snout. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri¬ 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, Uropsilus, and Urotrichus. 

M. mandibulo-auricularis 

Origin: From the dorsal margin of the an¬ 
gular process, just dorsal to M. pterygoideus 
internus. 

Insertion: Along the anteromedial surface 
of the auditory tube. 

Remarks: Similar in Condylura, Des¬ 
mana, Galemys, Neurotrichus, Parascalops, 
Scaptonyx, Uropsilus, and Urotrichus. Pre¬ 
sent in Talpa, but it originates from the an¬ 
terior surface of the auditory bulla directly 
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anterior to the meatus and from a connective 
tissue sheet that runs from the bulla to the 
posterior margin of the mandible. This mus¬ 
cle is greatly reduced or absent in Scalopus 
and Scapanus. 

M. sphincter colli profundus, pars 
intermedia dorsalis (fig. 3) 

Origin: From the dorsal midline between 
the ear and the eye. 

Insertion: On the surface of M. platysma 
myoides. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri- 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, Uropsilus, and Urotrichus. 
The fibers of this muscle appear to cross 
through M. platysma myoides to form the 
pars intermedia ventralis. The anteriormost 
fibers are somewhat superficial to the re¬ 
mainder of the muscle and were distin¬ 
guished by Meinertz (1978a) as a separate 
M. frontolabialis. 

M. sphincter colli profundus, pars 
intermedia ventralis 

Origin: From the deep surface of M. pla¬ 
tysma myoides. 

Insertion: In the skin of the throat region, 
where it decussates with its antimere. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri- 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, Uropsilus, and Urotrichus. 
As noted above, this muscle appears to be a 
continuation of the pars intermedia dorsalis 
that has crossed through M. platysma myoi¬ 
des. 

Snout Muscles 

The next five facial muscles have elongate, 
fusiform bellies and long tendons extending 
out into the snout, and can be considered 
snout muscles. Although they are found in 
all lipotyphlan insectivores (Dobson, 1882— 
1890; Butler, 1988; Whidden, 1996), the ho¬ 
mologies relative to other mammals are un¬ 
clear. I follow Dobson (1882—1890) and 
Gaughran (1954) in naming these muscles, 
but I do not mean to imply homology to the 
muscles of the same name in humans. The 
snout muscles are innervated by a branch of 


the facial nerve that wraps around the anter- 
oventral side of the auditory tube. In shrews 
and moles they run along the zygomatic arch 
and insert into the snout via long tendons. 
Meinertz (1978a & 1978b) considered these 
five muscles to be parts of an M. dilator nasi. 

M. zygomaticus major (figs. 5 and 7) 

Origin: From a small ridge just posterior 
to the base of the zygomatic arch. 

Insertion: Via a long tendon on the ven¬ 
tral surface of the nasal cartilage. This ten¬ 
don runs along the upper lip just above the 
toothrow, around the tip of the skull, and up 
the ventral midline of the snout tip to the 
insertion. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri- 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, Uropsilus, and Urotrichus. 
In Desmana, this muscle originates from a 
prominent fossa at the base of the zygomatic 
arch. 

M. zygomaticus minor (fig. 5) 

Origin: As an aponeurosis from a small 
ridge just posterior to the base of the zygo¬ 
matic arch, deep to the origin of M. zygo¬ 
maticus major. 

Insertion: Via a long, slender tendon that 
runs anteriorly along the lateral surface of the 
snout to insert into the lateral margin of the 
external naris. 

Remarks: Similar in Desmana, Neurotri- 
chus, Parascalops, Scaptonyx, Uropsilus, 
and Urotrichus. In Condylura, the tendon for 
this muscle splits and extends out into the 
lateral nasal rays. Scalopus and Scapanus 
have dorsally oriented nostrils, and the in¬ 
sertion of this muscle is on the posterior mar¬ 
gin of the external naris. Talpa has nostrils 
in a ventrally oriented nose pad, and the in¬ 
sertion of this muscle is on the ventral mar¬ 
gin of the external naris. 

M. levator alae nasi inferioris (fig. 5) 

Origin: As an aponeurosis from a small 
ridge just posterior to the base of the zygo¬ 
matic arch, and also from the surface of M. 
levator labii superioris proprius. 

Insertion: Via a long, slender tendon on 
the posterior margin of the external naris. 

Remarks: This muscle has the same gen- 
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Fig. 5. Lateral view of snout muscles of Parascalops. A, Superficial layer; B, middle layer; C, deep 
layer. 


eral form in Condylura, Desmana, Neurotri- 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, Uropsilus, and Urotrichus. 

M. levator alae nasi superioris (fig. 5) 

Origin; As an aponeurosis from a small 
ridge just posterior to the base of the zygo¬ 
matic arch and deep to M. levator alae nasi 
inferioris. 

Insertion: Via a long tendon on the dorsal 
rim of the external naris. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri- 
chus, Parascalops, Scalopus, Scapanus, 


Scaptonyx, Talpa, Uropsilus, and Urotrichus. 
Gaughran (1954) incorrectly stated that M. 
levator alae nasi superioris is superficial to 
M. levator alae nasi inferioris. 

M. levator labii superioris proprius (fig. 

5) 

Origin: As a superficial head from a fossa 
just deep and anterior to the origin of M. 
zygomaticus major, and a deep head from the 
dorsal margin of the posterior zygomatic 
arch. 

Insertion: The two heads join to form a 
stout tendon that extends over the tip of the 
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Fig. 6. Ventral view of neck muscles of Parascalops; superficial muscles on bottom, deeper muscles 
on top. 


premaxilla and joins its antimere to form a 
flat fascial sheet that covers the cartilaginous 
snout tip. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. In Condylura, 
the origin of the superficial head is well an¬ 
terior to the origin of the other snout mus¬ 
cles. This large, well-developed muscle is the 
deepest of the snout muscles. 

M. buccinatorius 

Origin: From the upper jaw, just dorsal to 
the toothrow. 

Insertion: Along the mandible, just ven¬ 
tral to the toothrow. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. This muscle 
forms an extensive and complex mass in the 
cheek. The superficial fibers are transverse, 
and the deeper fibers are anteroventral. Fi¬ 
bers from M. buccinatorius extend anteriorly 
along both upper and lower jaws, forming M. 
orbicularis oris. The anterior part of M. 
sphincter colli profundus pars intermedia 
dorsalis inserts along the dorsal surface of M. 
buccinatorius. 

M. nasolabialis superficialis (fig. 3) 

Origin: From the rostrum dorsal and an¬ 
terior to the eye. 


Insertion: By two slightly separated slips, 
both into the upper lip. 

Remarks: This muscle was difficult to 
identify, but I found it in some specimens of 
Condylura, Neurotrichus, Parascalops, Seal- 
opus, Scapanus, Talpa, Uropsilus, and Uro- 
trichus. It may also be present in the other 
study taxa. 

M. nasolabialis profundus (fig. 3) 

Origin: From the bony rostrum deep to M. 
nasolabialis superficialis. 

Insertion: Into the upper lip, deep to the 
fibers of M. orbicularis oris. 

Remarks: This muscle was difficult to 
identify, but I found it in some specimens of 
Condylura, Desmarm, Neurotrichus, Paras¬ 
calops, Scalopus, Scapanus, and Talpa. It 
may also be present in the other study taxa. 

Hyoid Constrictor Group 

M. digastricus, venter posterior (fig. 6) 

The anterior portion of the digastric is dis¬ 
cussed with the muscles of the Trigeminal 
Field. 

Origin: From the ventral base of the skull 
between the occipital condyle and the stylo¬ 
mastoid foramen, from the surface of the un- 
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derlying M. jugulohyoideus, and from the 
stylohyal cartilage. 

Insertion: In a tendinous inscription into 
the anterior belly of the digastric. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri- 
chus, Parascalops, Scaptonyx, Uropsilus, 
and Urotrichus. The stylohyal portion is es¬ 
pecially large in Condylura. Scalopus, Sca- 
panus, and Talpa lack fibers from the styloh¬ 
yal cartilage. 

M. stylohyoideus (fig. 6) 

Origin: From the ventrolateral surface of 
M. digastricus venter posterior, with some 
fascial attachment to the skull. 

Insertion: On the basihyal cartilage. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par¬ 
ascalops, Scapanus, Scaptonyx, Talpa, and 
Urotrichus. In Scalopus and Uropsilus, M. 
stylohyoideus originates medial to M. digas¬ 
tricus, and so does not cross over it. In Des¬ 
mana and Galemys, M. stylohyoideus is ei¬ 
ther absent or indistinguishably fused with 
M. digastricus. 


M. jugulohyoideus (fig. 7) 

Origin: From the posteromedial border of 
the stylomastoid foramen, deep to M. digas¬ 
tricus venter posterior. 

Insertion: On the tip of the stylohyal car¬ 
tilage, near the attachment of the stylohyal to 
the skull. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. In Condylura, 
the stylohyal cartilage does not attach to the 
skull, and M. jugulohyoideus inserts on the 
tip of the floating cartilage. 

M. stapedius 

Origin: From the posterior wall of a small 
channel that is lateral to the stylomastoid fo¬ 
ramen on the base of the skull. 

Insertion: On the stapedial process of the 
stapes. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par¬ 
ascalops, Scalopus, Scapanus, and Talpa. 
The tendon of this tiny, triangular muscle 
passes through a foramen in the skull. 
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Glossopharyngeal Field 
G lossopharyngeal Group 

M. stylopharyngeus 

Origin: From the posterior end of the sty- 
lohyal cartilage. 

Insertion: The ventral and lateral fibers 
via a broad fascial sheet on the posterior sur¬ 
face of the ceratohyal cartilage, and the dor¬ 
sal and medial fibers on the lateral wall and 
roof of the pharynx. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. ceratohyoideus 

Origin: From the anterior surface of the 
thyrohyal cartilage. 

Insertion: On the posterior surfaces of the 
hypohyal and ceratohyal cartilages. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

Vagus Field 

Pharyngeal Constrictor Group 

M. pterygopharyngeus 

Origin: From the tip of the pterygoid ham¬ 
ulus. 

Insertion: Into the midline of the roof of 
the pharynx. 

Remarks: This muscle has the same gen¬ 
eral form in Neurotrichus, Parascalops, 
Scalopus, Scapanus, Scaptonyx, Talpa, 
Uropsilus, and Urotrichus. I did not observe 
this muscle in Condylura, Desmana, and 
Galemys. This is the anteriormost of the pha¬ 
ryngeal constrictors. 

M. chondropharyngeus (fig. 7) 

Origin: From the dorsal margin of the thy¬ 
rohyal cartilage. 

Insertion: Into the midline of the roof of 
the pharynx, just posterior to M. pterygo¬ 
pharyngeus. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. thyropharyngeus (fig. 7) 

Origin: From the surface of the thyroid 
cartilage. 

Insertion: Into the midline of the roof of 


the pharynx, just posterior to M. chondro¬ 
pharyngeus. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. cricopharyngeus (fig. 7) 

Origin: From the posterior surface of the 
cricoid cartilage. 

Insertion: Into the midline of the roof of 
the pharynx, just posterior to M. thyrophar¬ 
yngeus. 

Remarks: This muscle has the same gen¬ 
eral form in Neurotrichus, Parascalops, 
Scalopus, Scapanus, Scaptonyx, Talpa, and 
Urotrichus. It is absent in Condylura, Des¬ 
mana, Galemys, and Uropsilus. 

M. cricoarytenoideus dorsalis 

Origin: From the dorsal surface of the cri¬ 
coid cartilage. 

Insertion: On the dorsal and posterior sur¬ 
faces of the arytenoid cartilage. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri¬ 
chus, Parascalops, Scalopus, Scapanus, and 
Talpa. 

M. cricoarytenoideus ventralis 

Origin: From the anterior surface of the 
cricoid cartilage. 

Insertion: On the ventral surface of the 
arytenoid cartilage. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri¬ 
chus, Parascalops, Scalopus, Scapanus, and 
Talpa. 

M. cricothyroideus (figs. 6 and 7) 

Origin: From the posterior surface of the 
cricoid cartilage. 

Insertion: On the posterior edge of the 
thyroid cartilage. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri¬ 
chus, Parascalops, Scalopus, Scapanus, and 
Talpa. 

M. thyroarytenoideus 

Origin: From the inner surface of the thy¬ 
roid cartilage, and also from the fascia be¬ 
tween the thyroid and cricoid cartilages. 

Insertion: On the anterior surface of the 
arytenoid cartilage. 
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Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri- 
chus, Parascalops, Scalopus, Scapanus, and 
Talpo. 

M. arytenoideus 

Origin: From the posterior and lateral sur¬ 
faces of the arytenoid cartilage. 

Insertion: In fascia over the dorsal mid¬ 
line of the larynx. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri- 
chus, Parascalops, Scalopus, Scapanus, and 
Talpa. 

Accessory Field 
P alatine Group 

M. levator veli palatini 

Origin: From the base of skull just pos¬ 
terior to the eustachian tube. 

Insertion: On the floor of the nasophar¬ 
ynx. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri- 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, Uropsilus, and Urotrichus. 

Trapezius Group 

M. trapezius anticus, pars capitis 

Origin: From the midline of the occipital 
region of the skull. 

Insertion: On the metacromion process of 
the scapula. 

Remarks: This muscle is absent in Con¬ 
dylura, Neurotrichus, Parascalops, Scalo¬ 
pus, Scapanus, Scaptonyx, Talpa, and Uro¬ 
trichus, but is present in Desmana, Galemys, 
and Uropsilus. Dobson (1882—1890) identi¬ 
fied this muscle as M. occipito-scapularis ex- 
ternus in Desmana and Galemys, and he be¬ 
lieved it to be a part of the rhomboideus 
complex. 

M. trapezius anticus, pars cervicis 

Origin: From the dorsal midline of the 
neck, well posterior to the pars capitis and 
deep to the retroauricular muscles. 

Insertion: In fascia on the greater tuber¬ 
osity of the humerus and on the humeroclav- 
icular tendon. 

Remarks: This muscle is well developed 


in Condylura, Desmana, Galemys, Neurotri¬ 
chus, Scaptonyx, Uropsilus, and Urotrichus, 
where it inserts on the metacromion process 
of the scapula, but in Parascalops, Scalopus, 
Scapanus, and Talpa it is reduced to a thin 
sheet of fibers that disappear in fascia. In 
Desmana and Galemys, the posteriormost fi¬ 
bers extend onto the vertebral border of the 
scapula, and in Neurotrichus, Scaptonyx, and 
Urotrichus, these posterior fibers form a sep¬ 
arate slip that inserts on the vertebral border. 
Reed (1951) referred to these posterior fibers 
in Neurotrichus as a separate M. trapezius 
medius. In Neurotrichus, Scaptonyx, and 
Urotrichus, the origin of this muscle extends 
onto the occiput, but these anterior fibers are 
continuous with the rest of the muscle and 
not a pars capitis. 

M. trapezius posticus (fig. 10) 

Origin: From the dorsal midline over the 
lumbar vertebrae. 

Insertion: On a tuberosity at the dorsal 
end of the scapular spine. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. In Desmana 
and Galemys, the origin of this muscle ex¬ 
tends onto the iliac crest. 

M. dorsocuticularis 

Origin: From fascia over the metapophys- 
is of the third lumbar vertebra. 

Insertion: Into the skin over the back, me¬ 
dial to the forearm. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. It originates 
from over the third lumbar vertebra in Par¬ 
ascalops, Scalopus, Scapanus, and Talpa, 
from over the fourth through the sixth lum¬ 
bar vertebrae in Condylura, Neurotrichus, 
Scaptonyx, and Urotrichus, from over the 
last lumbar vertebra and the iliac crest in 
Uropsilus, and from only the iliac crest in 
Desmana and Galemys. 

M. stemo-cleido-mastoideus/occipitalis 
complex 

This complex forms the cranioventral mar¬ 
gin of the accessory field in mammals, and 
is frequently split into several parts (Howell, 
1937). It varies considerably in talpids. In 
Condylura, Desmana, Galemys, and Urop¬ 
silus, it forms three muscular elements. 
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whereas in Neurotrichus, Parascalops, Seal- 
opus , Scapanus, Scaptonyx, Talpa, and Uro- 
trichus, it forms four elements. I treat these 
parts as four separate muscles according to 
their origins and insertions, but I am not con¬ 
fident that all the elements discussed under 
each name are homologous. Gaughran 
(1954) considered Scalopus to have superfi¬ 
cial and deep parts to M. sternomastoideus, 
rather than the separate Mm. sternomasto¬ 
ideus and sterno-occipitalis that 1 recognize 
here. My account of this muscle complex in 
Desmana conflicts with that of Dobson 
(1882—1890). 1 was not able to dissect this 
muscle complex in Galemys. 

M. cleido-occipitalis 

Origin: From the anteroventral surface of 
the medial end of the clavicle. 

Insertion: Via an aponeurosis on the lat¬ 
eral wall of the skull just posterior to M. tem¬ 
poralis, together with M. sterno-occipitalis. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri¬ 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, and Urotrichus. In Urop- 
silus, the origin is from the ala of the ma¬ 
nubrium. 

M. cleidomastoideus 

Origin: From the anterodorsal surface of 
the medial end of the clavicle, just dorsal to 
the origin of M. cleido-occipitalis. 

Insertion: Via an aponeurosis on a small 
ridge just posterior to the base of the zygo¬ 
matic arch, together with M. sternomasto¬ 
ideus. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri¬ 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, and Urotrichus. An ele¬ 
ment in this position is absent in Uropsilus. 

M. sternomastoideus 

Origin: From the anterior tip of the ma¬ 
nubrium. 

Insertion: Via an aponeurosis on a small 
ridge just posterior to the base of the zygo¬ 
matic arch, together with M. cleidomasto¬ 
ideus. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par¬ 
ascalops, Scalopus, Scapanus, Scaptonyx, 


Talpa, and Urotrichus. In Uropsilus, it orig¬ 
inates from the dorsal surface of the manu¬ 
brium. An element in this position is absent 
in Desmana. This is the M. sternomastoideus 
pars profundus of Gaughran (1954). 

M. sterno-occipitalis 

Origin: From the anterior surface of the 
manubrium. 

Insertion: Via an aponeurosis on the lat¬ 
eral wall of the skull just posterior to M. tem¬ 
poralis, together with M. cleido-occipitalis. 

Remarks: This muscle has the same gen¬ 
eral form in Desmana, Neurotrichus, Par¬ 
ascalops, Scalopus, Scapanus, Scaptonyx, 
Talpa, Uropsilus, and Urotrichus. An ele¬ 
ment in this position is absent in Condylura. 
This is the M. sternomastoideus pars super- 
ficialis of Gaughran (1954). 

Myotomic Musculature 
Axial Musculature 
Lingual Group 

M. genioglossus (fig. 6) 

Origin: From the medial surface of the an¬ 
terior dentary. 

Insertion: Into the body of the tongue, 
meeting its antimere in the midline. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. hyoglossus (figs. 6 and 7) 

Origin: From the anterior and ventral sur¬ 
faces of the basihyal cartilage and the lateral 
surface of the thyrohyal cartilage. 

Insertion: Into the body of the tongue, be¬ 
tween Mm. styloglossus and genioglossus. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. styloglossus (figs. 6 and 7) 

Origin: From the lateral surface of the sty- 
lohyal cartilage. 

Insertion: Into the lateral part of the body 
of the tongue. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

Medial Ventral Cervical Group 

M. geniohyoideus (figs. 6 and 7) 

Origin: As a flat tendon from the ventral 
and medial surfaces of the anterior mandible. 
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Insertion: On the anterior and ventral sur¬ 
faces of the basihyal cartilage and the ven¬ 
tromedial surface of the thyrohyal cartilage. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. The anti meres 
of this muscle are largely fused and tightly 
attached to the midventral raphe of M. my- 
lohyoideus profundus. 

M. stemohyoideus (fig. 6) 

Origin: From the posterior end of the dor¬ 
sal surface of the manubrium. 

Insertion: On the posterior surface of the 
basihyal cartilage. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. stemothyroideus (fig. 6) 

Origin: From the posterior end of the dor¬ 
sal surface of the manubrium, posterior and 
lateral to the origin of M. stemohyoideus. 

Insertion: Via a fascial sheet on the pos¬ 
terolateral margin of the thyroid cartilage. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. thyrohyoideus (figs. 6 and 7) 

Origin: From the posterolateral margin of 
the ventral surface of the thyroid cartilage. 

Insertion: On the posterior surface of the 
basihyal and thyrohyal cartilages, lateral to 
the insertion of M. stemohyoideus. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. omohyoideus 

I did not find this muscle in the study taxa. 

M. transversus hyoideus 

I did not find this muscle in the study taxa. 
Gaughran (1954) described it for Scalopus. 

Superficial Spino-occipital Group 

M. splenius (fig. 7) 

Origin: From the nuchal ligament and the 
adjacent interscapular ligament. 

Insertion: Via an aponeurosis on the lat¬ 
eral occipital region of the skull. 

Remarks: This muscle has the same gen¬ 
eral form in Parascalops, Scalopus, Scapan- 
us, and Talpa. In Condylura, Desmana, Gal- 
emys, Neurotrichus, Scaptonyx, Uropsilus, 


and Urotrichus, this muscle differs in that 
there are no fibers from the interscapular lig¬ 
ament (which is not present in these taxa), 
and there is a small ventral head from the 
median raphe of M. rhomboideus posticus. 

Suboccipital Group 

M. rectus capitis dorsalis major 

Origin: From the dorsal margin of the 
neural spine of the axis, and from a raphe 
that extends anterior to the neural spine. 

Insertion: Via a short aponeurosis on the 
lateral occipital region, deep to M. splenius. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par¬ 
ascalops, Scalopus, Scapanus, and Talpa. 

M. rectus capitis dorsalis minor 

Origin: From the neural spine and anterior 
margin of the atlas, and from a raphe that 
extends anterior to the neural spine. 

Insertion: On the occipital region of the 
skull, deep to M. rectus capitis dorsalis ma¬ 
jor. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par¬ 
ascalops, Scalopus, Scapanus, and Talpa. 

M. obliquus capitis anterior 

Origin: From a ridge on the lateral surface 
of the atlas, anterolateral to the atlantal fo¬ 
ramen. 

Insertion: Via a fascial sheet on the lateral 
occipital region, superficial to M. rectus cap¬ 
itis dorsalis major. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par¬ 
ascalops, Scalopus, Scapanus, and Talpa. 

M. obliquus capitis posterior 

Origin: From the lateral surface of the 
neural spine of the axis, and from a median 
raphe anterior to the spine. 

Insertion: On the posterodorsal surface of 
the wing of the atlas. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par¬ 
ascalops, Scalopus, Scapanus, and Talpa. 

Cervical Prevertebral Group 

M. rectus capitis ventralis (fig. 7) 

Origin: From a small fossa on the ventro¬ 
lateral surface of the atlas. 
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Insertion: On the ventral surface of the 
skull, medial to the tympanic region. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par- 
ascalops, Scalopus, Scapanus, and Talpa. 

M. longus capitis (fig. 7) 

Origin: From the costal processes of the 
fifth and sixth cervical vertebrae. 

Insertion: On the base of the skull adja¬ 
cent to the midline, and superficial and an¬ 
terior to the insertion of M. rectus capitis 
ventralis. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par- 
ascalops, Scalopus, Scapanus, and Talpa. 

M. longus colli 

Origin: An anterior portion from the an¬ 
terior tip of the costal processes of the second 
through the sixth cervical vertebrae, and a 
posterior portion from the lateral surface of 
the seventh cervical vertebra, the ventrolat¬ 
eral surfaces of the first through the fourth 
thoracic vertebrae, and the adjacent surfaces 
of ribs two through five. 

Insertion: The anterior portion on the cos¬ 
tal process of the sixth cervical vertebra and 
the ventral surfaces of the first six cervical 
vertebrae, and the posterior portion via a ten¬ 
don on the posterior tip of the costal process 
of the sixth cervical vertebra. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par- 
ascalops, Scalopus, Scapanus, and Talpa. 
The fibers of the posterior portion run an- 
terolaterally, and the fibers of the anterior 
portion run anteromedially. 

M. longus atlantis (fig. 7) 

Origin: From the zygapophyses of the 
third through the fifth cervical vertebrae. 

Insertion: On the lateral surface of the at¬ 
las, ventral to the atlantal foramen. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par- 
ascalops, Scalopus, Scapanus, and Talpa. 

Lumbar Prevertebral Group 

M. quadratus lumborum 

Origin: From the posterior surface of the 
last rib, from the anapophyses of the last tho¬ 


racic and first two lumbar vertebrae, and 
from the ventrolateral margins of the last tho¬ 
racic and first three lumbar vertebrae. 

Insertion: On the anterior edges of the 
transverse processes of the second through 
the sixth lumbar vertebrae. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par- 
ascalops, Scalopus, Scapanus, and Talpa. 

M. psoas minor 

Origin: From the ventrolateral margins of 
the second through the fourth lumbar verte¬ 
brae. 

Insertion: Via a long tendon on the ilio- 
pectineal process of the pelvic girdle. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par- 
ascalops, Scalopus, Scapanus, and Talpa. In 
Scalopus and Scapanus, there are only five 
lumbar vertebrae, and this muscle originates 
from the first three. In Neurotrichus, this 
muscle originates only from the second and 
third lumbar vertebrae. Reed (1951) reported 
that this muscle originates only from the sec¬ 
ond vertebra in Neurotrichus. 

Lateral Cervical Group 

M. scalenus (fig. 8) 

Origin: The main portion of this muscle 
originates as a series of slips from the second 
through the fourth or fifth ribs. There is also 
a dorsal slip from rib 3, and small dorsal and 
ventral slips from rib 1. 

Insertion: On the costal processes of the 
third through fifth cervical vertebrae. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

Medial Thoraco-abdominal Group 

M. rectus abdominis (fig. 8) 

Origin: From the lateral surface of the first 
rib, with superficial fibers from a fascial 
sheet in the middle of the abdomen. 

Insertion: On the spine of the pubis of the 
opposite side of the body. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. pyramidalis 

Origin: From the superficial surface of M. 
rectus abdominis. 
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Fig. 8. Ventral view of chest muscles of Parascalops; superficial muscles on left, deeper muscles 
on right. 


Insertion: Via a short tendon on the lat¬ 
eral side of the spine of the pubis, lateral to 
the tendon of M. rectus abdominis. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. Gupta (1966) 
incorrectly reported that in Scalopus it is M. 
pyramidalis, not M. rectus abdominis, that 
crosses over the ventral midline to insert on 
the opposite side. 

Lateral Thoraco-abdominal Group 

M. serratus dorsalis anterior 

Origin: From the anterior surface of the 
interscapular ligament at the midline, dorsal 
to the muscular portion of M. rhomboideus 
posticus. 

Insertion: Via two slips, onto the dorsal 
surfaces of ribs 3 and 4. 

Remarks: This muscle has the same gen¬ 
eral form in Parascalops, Scalopus, Scapan- 
us, and Talpa. Neurotrichus, Scaptonyx, and 
Urotrichus are basically similar, except that 
these taxa do not have an interscapular lig¬ 
ament, and this muscle originates from a me¬ 
dian raphe that also gives origin to M. rhom¬ 
boideus posticus. The origin in Condylura, 
Desmana, and Galemys is also from a me¬ 
dian raphe, but insertion is via three slips, 
onto the dorsal surfaces of ribs 3, 4, and 5. 


Reed (1951) reported that this muscle inserts 
only on the third rib in Neurotrichus, but in 
the specimens that I dissected there were 
clearly slips to both the third and fourth ribs. 

M. serratus dorsalis posterior 

Origin: From the dorsal fascia over the 
neural spines of the posterior thoracic and 
anterior lumbar vertebrae. 

Insertion: On the posterior surfaces of 
ribs 10-13. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. stemocostalis 

I did not identify this muscle in the study 
taxa. Dobson (1882—1890) reported its pres¬ 
ence in Condylura. 

Mm. intercostales extend (fig. 8) 

These muscles connect adjacent ribs. They 
form a continuous layer from the costover¬ 
tebral articulations to the costal cartilages. 
Adjacent to the vertebral column the fibers 
have an anteromedial orientation, whereas 
adjacent to the sternum the orientation is an¬ 
terolateral. Superficial slips extend from the 
first rib to the third and fourth ribs, skipping 
over the ribs in between. 
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Remarks: These muscles have the same 
general form in the 11 study taxa. 

Mm. levatores costarum 

Origin: From the anterior surfaces of the 
ribs, just lateral to their vertebral articula¬ 
tions. 

Insertion: On the transverse processes of 
the thoracic vertebrae. 

Remarks: These muscles have the same 
general form in the 11 study taxa. 

M. obliqiius abdominis extemus 

Origin: As a series of slips from the lateral 
surfaces of ribs 4—13. 

Insertion: The anteriormost fibers into 
fascia overlapping the lateral margin of M. 
rectus abdominis, the main portion of the 
muscle into fascia over the abdomen, and the 
posteriormost fibers into the inguinal region, 
where they form a broad fascial sheet that 
attaches to the horizontal ramus of the pubis. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. obliqiius abdominis interims 

Origin: From a fascial sheet over the neu¬ 
ral spines of the lumbar and posterior tho¬ 
racic vertebrae, from the crest of the ilium, 
from the inguinal tendon, and from the hor¬ 
izontal ramus of the pubis. 

Insertion: On the dorsal surfaces of the 
last four ribs, on the surface of M. transver- 
sus abdominis, and into the fascia covering 
the abdomen. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

Mm. intercostales intend 

These muscles connect adjacent ribs. They 
form a continuous layer from the costover¬ 
tebral articulations to the costal cartilages, 
deep to Mm. intercostales externi. Adjacent 
to the vertebral column the fibers have an 
anterolateral orientation, whereas adjacent to 
the sternum the orientation is anteromedial. 

Remarks: These muscles have the same 
general form in Condylura, Neurotrichus, 
Parascalops, Scalopus, Scapanus, and Talpa. 

Mm. subcostales 

These muscles extend between the ribs on 
the medial surface of the ribcage. The fiber 


direction is the same as that of Mm. inter¬ 
costales interni, but these muscles skip over 
certain ribs. They are best developed adja¬ 
cent to the vertebral articulations at the dor¬ 
sal midline. 

Remarks: These muscles have the same 
general form in Condylura, Neurotrichus, 
Parascalops, Scalopus, Scapanus, and Talpa. 

M. transversus thoracis 

Origin: From the medial surface of the 
sternum, extending from the posterior end of 
the manubrium to the xiphoid process. 

Insertion: On the costal cartilages of ribs 
2—7, and in a fascial sheet covering the me¬ 
dial surfaces of Mm. intercostales interni. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par¬ 
ascalops, Scalopus, Scapanus, and Talpa. 

M. transversus abdominis 

Origin: From the medial surfaces of ribs 
8—13, from fascia over the lumbar region, 
and from fascia attached to the horizontal ra¬ 
mus of the pubi. 

Insertion: In fascia over the abdomen, 
deep to M. rectus abdominis. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. cremaster 

Present only in males. Formed by a pos¬ 
terior outpocketing of the abdominal wall 
that encloses the testis, with fibers of Mm. 
obliquus abdominis internus and transversus 
abdominis roughly perpendicular to one an¬ 
other. 

Remarks: Dissected in detail only in Par¬ 
ascalops. 

Pectoral Limb Musculature 
Costo-spino-scapular Group 

M. serratus ventralis cervicis 

Origin: As a nearly continuous sheet from 
the transverse processes of the third through 
the seventh cervical vertebrae, and from the 
costovertebral articulation of the first thorac¬ 
ic vertebra. 

Insertion: On the medial surface of the 
vertebral border of the scapula. 

Remarks: This muscle has the same gen- 
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eral form in Parascalops and Talpa. Scalo- 
pus and Scapanus are similar except the or¬ 
igin includes the costovertebral articulations 
of both the first and second thoracic verte¬ 
brae. Condylura, Galemys, Neurotrichus, 
Scaptonyx, Uropsilus, and Urotrichus are 
similar except that there is a separate poste¬ 
rior head that originates from the lateral sur¬ 
face of the first rib, rather than from its cos¬ 
tovertebral articulation. Reed (1951) named 
this muscle M. serratus anterior cervicis, and 
Gaughran (1954) named it M. levator scap¬ 
ulae et serratus anterior cervicis. 

M. serratus ventralis thoracis (fig. 10) 

Origin: From the lateral surfaces of the 
third through the ninth or tenth ribs. 

Insertion: On the medial surface of the 
vertebral border of the scapula, just posterior 
to the insertion of M. serratus ventralis cer¬ 
vicis. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotrichus, Parascalops, Scalopus, Sca¬ 
panus, Scaptonyx, Talpa, and Urotrichus. In 
Uropsilus, it takes origin from the third 
through the eighth ribs. Reed (1951) named 
this muscle M. serratus anterior thoracis. 

M. rhomboideus capitis 

Origin: From the occipital region of the 
skull, just lateral to the midline. 

Insertion: On the vertebral border of the 
scapula. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri¬ 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, Uropsilus, and Urotrichus. 

M. rhomboideus cervicis 

Origin: From the nuchal ligament, super¬ 
ficial to M. splenius. 

Insertion: On the vertebral border of the 
scapula, just posterior to the insertion of M. 
rhomboideus capitis. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri¬ 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, Uropsilus, and Urotrichus. 

M. rhomboideus posticus 

In Parascalops, Scalopus, Scapanus, and 
Talpa, a stout, fibrous ligament that connects 


the vertebral borders of the scapulae has re¬ 
placed much of this muscle. The antimeres 
of the remaining muscular portion meet in a 
midline raphe to form a thick, chevron¬ 
shaped muscle. The muscular portion is de¬ 
scribed below. 

Origin: From the neural spines of the sec¬ 
ond and third thoracic vertebrae. 

Insertion: On the anterior surface of the 
interscapular ligament. 

Remarks: This muscle has the same gen¬ 
eral form in Parascalops, Scalopus, Scapan¬ 
us, and Talpa. In Condylura, Desmana, Gal- 
emys, Neurotrichus, Scaptonyx, Uropsilus, 
and Urotrichus, there is no interscapular lig¬ 
ament, and the antimeres of this muscle meet 
in a median raphe to form a thick, triangular 
mass connecting the vertebral borders of the 
scapulae. The connection to the vertebral 
neural spines is present in Condylura, Des- 
mana, Galemys, and Uropsilus, but not in 
Neurotrichus, Scaptonyx, and Urotrichus. 
Reed (1951) reported that this muscle origi¬ 
nates from the third and fourth thoracic ver¬ 
tebrae in Mogera, Parascalops, Scalopus, 
Scapanus, and Talpa. He also discussed 
some of the problems previous workers have 
had in determining the homologies of the 
forms of this muscle. 

M. atlantoscapularis anterior 

Origin: From the ventral spine of the atlas, 
deep to the insertion of M. longus colli. 

Insertion: On the tip of the metacromion 
process of the scapula, medial to the inser¬ 
tion of M. trapezius anticus. 

Remarks: This muscle is present in Con¬ 
dylura, Desmana, Galemys, and Uropsilus, 
but not Neurotrichus, Parascalops, Scalopus, 
Scapanus, Scaptonyx, Talpa, or Urotrichus. 
Dobson (1882—1890) described this muscle 
(which he identified as M. levator scapulae 
vel claviculae) for Desmana (his Myogale), 
but incorrectly stated that it is absent in Con¬ 
dylura', Campbell (1939) and Reed (1951) re¬ 
peated this error. 

M. atlantoscapularis posterior 

Origin: From the ventral surface of the at¬ 
las. 

Insertion: On the vertebral border of the 
scapula. 
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acromioclavicular ligament 
M. subclavius- 


M. subscapularis- 
M. spinodeltoideus 


M. supraspinatus- 
M. teres major 


clavicle 

•M. acromiodeltoideus 
M. triceps lateralis 



'proximal process of olecranon 
"M. triceps longus 


Fig. 9. Dorsal view of pectoral limb muscles of Parascalops. 


Remarks: Present only in Uropsilus 
among the 11 study taxa. 

Latissimus-subscapular Group 

M. latissimus dorsi (fig. 10) 

Origin: From the neural spines of the pos¬ 
terior thoracic vertebrae and from a fascial 
sheet over the entire lumbar region. 

Insertion: Via a tough aponeurosis on the 
surface of M. teres major. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. In Desmana 
and Galemys, the origin of this muscle ex¬ 
tends onto the iliac crest. In Uropsilus , this 
muscle inserts directly on the teres tubercle 
of the humerus, but in the other genera it 
inserts on the surface of M. teres major. As 


noted by Campbell (1939), in Talpa some 
anteromedial fibers insert on M. teres major 
slightly posterior to the rest of the muscle. 

M. teres major (figs. 9 and 10) 

Origin: From the whole of the teres fossa, 
from the lateral surface of the vertebral bor¬ 
der of the scapula, and from the surface of 
the underlying M. subscapularis. 

Insertion: On the teres tubercle of the hu¬ 
merus. 

Remarks: This muscle has the same gen¬ 
eral form in Parascalops, Scalopus, Scapan- 
us, and Talpa. In Condylura, Desmana, and 
Galemys, there is no teres fossa, and this 
muscle originates from the vertebral border 
and almost the whole lateral surface of the 



Fig. 10. Ventral view of pectoral limb muscles of Parascalops. 
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scapula. In Neurotrichus, Scaptonyx, and 
Urotrichus, the origin is largely from the sur¬ 
face of the underlying M. subscapularis, plus 
a small area at the vertebral border of the 
scapula. In Uropsilus, this muscle originates 
from the axillo-vertebral angle of the scap¬ 
ula. 

M. subscapularis (fig. 9) 

Origin: From the subscapular fossa. 

Insertion: On the lesser tuberosity of the 
humerus, over the bicipital canal. Two ten¬ 
dinous bands extend down the length of the 
muscle to the insertion. 

Remarks: This muscle has the same gen¬ 
eral form in Parascalops, Scalopus, Scapan- 
us, and Talpa. In Desmana, Galemys, and 
Uropsilus, this muscle has two heads, one 
originating from the subscapular fossa and 
the other from the axillary border of the 
scapula. These insert side by side on the less¬ 
er tuberosity. In Condylura, this muscle orig¬ 
inates only from the subscapular fossa, and 
it inserts on the lesser tuberosity via two 
slips, each with a heavy tendinous band. In 
Neurotrichus, Scaptonyx, and Urotrichus, 
this muscle originates via separate heads 
from the subscapular fossa and the adjacent 
axillary border of the scapula and teres fossa; 
these heads fuse to form a single insertion on 
the lesser tuberosity. 

Deltoid Group 

M. cleidodeltoideus (fig. 8) 

Origin: From the ventral surface of the lat¬ 
eral end of the clavicle. 

Insertion: In the deltoid fossa, adjacent to 
the pectoral ridge of the humerus. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par¬ 
ascalops, Scalopus, Scapanus, Scaptonyx, 
Talpa, Uropsilus, and Urotrichus. It is sim¬ 
ilar in Desmana and Galemys, but is appar¬ 
ently fused with M. acromiodeltoideus. 

M. acromiodeltoideus (fig. 8) 

Origin: From the anterodorsal margin of 
the lateral end of the clavicle. 

Insertion: In the deltoid fossa of the hu¬ 
merus, adjacent to the insertion of M. clei¬ 
dodeltoideus. 

Remarks: This muscle has the same gen¬ 


eral form in Condylura, Neurotrichus, Par¬ 
ascalops, Scalopus, Scapanus, Scaptonyx, 
Talpa, and Urotrichus. In Condylura, Neu¬ 
rotrichus, Scaptonyx, and Urotrichus, it is 
well separated from M. cleidodeltoideus and 
inserts along the distal end of the pectoral 
ridge. In Uropsilus, it originates from the 
acromion process of the scapula and inserts 
on the pectoral ridge, distal to M. cleidodel¬ 
toideus. As mentioned above, in Desmana 
and Galemys, this muscle is apparently fused 
with M. cleidodeltoideus. Dobson (1882— 
1890), Freeman (1886), and Campbell 
(1939) failed to distinguish this muscle from 
M. cleidodeltoideus, possibly because of its 
clavicular origin in talpids other than Urop¬ 
silus. Reed (1951) discussed the unusual 
form of the deltoids in talpids. 

M. spinodeltoideus (figs. 9 and 10) 

Origin: From a tuberosity at the vertebral 
end of the scapular spine, and from the 
length of the scapular spine. 

Insertion: On the deltoid process of the 
humerus. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. It is particu¬ 
larly well developed in Condylura, Galemys, 
and Uropsilus. Campbell (1939) and Reed 
(1951) discussed the problem of determining 
the homology of this muscle: Mm. spinodel¬ 
toideus and teres minor have similar topo¬ 
graphic positions and innervations, and when 
one is missing it is impossible to be certain 
of the identity of the remaining muscle. I fol¬ 
low Reed in using the name spinodeltoideus 
for this muscle. 

Suprascapular Group 

M. supraspinatus (fig. 9) 

Origin: From the supraspinous fossa, from 
the length of the scapular spine, and from the 
surfaces of the adjacent Mm. subscapularis 
and spinodeltoideus. 

Insertion: Via a heavy, flat tendon in a 
small pit at the base of the greater tuberosity 
of the humerus. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. infraspinatus 

Origin: From the whole of the channel¬ 
like infraspinous fossa. 
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A B 

Fig. 11. Dorsal view of forearm muscles of Parascalops. A, Superficial muscles; B, deeper muscles. 


Insertion; Via a tendon in a small fossa 
between the greater tuberosity and the hu¬ 
meral head, lateral to the insertion of M. su- 
praspinatus. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotrichus, Parascalops, Scalopus, Sca- 
panus, Scaptonyx, Uropsilus, and Urotri- 
chus. It is absent in Talpa. 

Triceps Group 

M. dorsoepitrochlearis (fig. 10) 

Origin: From the surface of M. latissimus 
dorsi, just posterior to the insertion of that 
muscle on M. teres major. 

Insertion: Into fascia over the forearm 
flexors. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. triceps brachii, caput lateralis (figs. 9 
and 11) 

Origin: A superficial layer from the lateral 
surface of the greater tuberosity of the hu¬ 
merus adjacent to the deltoid process, and a 


deep layer from the posterior surface of the 
humerus and the underside of the greater tu¬ 
berosity. 

Insertion: Both layers on the lateral side 
of the posterior crest of the olecranon. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par¬ 
ascalops, Scalopus, Scapanus, Talpa, Scap¬ 
tonyx, and Urotrichus. In Desmana, Gale¬ 
mys, and Uropsilus, there is only one part to 
this muscle, corresponding to the superficial 
layer in the other taxa. 

M. triceps brachii, caput medialis (figs. 

10 and 12) 

Origin: A superficial layer from the ante¬ 
rior surface of the humerus at the base of the 
teres process and from the fascial sheet cov¬ 
ering M. teres major near its insertion, and a 
deep layer from the posterior surface of the 
humerus as far distally as the olecranon fos¬ 
sa. 

Insertion: The superficial layer on the pal¬ 
mar edge of the posterior crest of the olec¬ 
ranon process of the ulna, and the deep por- 
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tion in a fossa at the base of the proximal 
crest of the olecranon. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotriclius, Parascalops, Scalopus, Sca- 
panus, Scaptonyx, Talpa, and Urotrichus. In 
Condylura, Desmana, Galemys, Neurotri- 
chus, Scaptonyx, and Urotrichus, there are 
few if any fibers of the superficial layer orig¬ 
inating from M. teres major. In Uropsilus, 
this muscle originates from the medial sur¬ 
face of the humerus and from the base of the 
teres process, and inserts on the proximal 
crest of the olecranon. 

M. triceps bracliii, caput iongus (figs. 9— 

11 ) 

Origin: From the proximal two-thirds of 
the spine separating the infraspinous fossa 
from the teres major fossa. 

Insertion: On the proximal crest of the 
olecranon process of the ulna. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. It is best de¬ 
veloped in Parascalops, Scalopus, Scapanus, 
and Talpa. 

M. anconeus lateralis (fig. 11) 

Origin: From the posterior surface of the 
lateral epicondyle of the humerus. 

Insertion: On the lateral end of the prox¬ 
imal crest of the olecranon process of the 
ulna. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

Forearm Extensor Group 

M. brachioradialis 

This muscle is absent in members of the 
order Insectivora (Reed, 1951). 

M. supinator 

Origin: From the tip of the lateral epicon¬ 
dyle of the humerus. 

Insertion: On the medial surface of the 
proximal radius. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. extensor carpi radialis (fig. 11) 

Origin: From the proximal surface of the 
lateral epicondyle of the humerus, and from 


the adjacent lateral supracondyloid ridge and 
posterior humeral surface. 

Insertion: Via a deep tendon that inserts 
on the medial surface of the third metacarpal. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. It is repre¬ 
sented by a single element in talpids, which 
probably represents a fusion of Iongus and 
brevis elements (Reed, 1951). 

M. abductor pollicis Iongus (fig. 11) 

Origin: A lateral head from the dorsal sur¬ 
face of the head of the radius, and a medial 
head from a fossa formed by the posterior 
crest of the olecranon process of the ulna. 

Insertion: Via a tendon on the medial sur¬ 
face of the first metacarpal, just deep to the 
os falciforme. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. In Condylura, 
the tendon of insertion continues past the first 
metacarpal to attach to the medial surface of 
the ungual phalanx, and in Uropsilus, the or¬ 
igin of the medial head extends well down 
on the shaft of the radius. 

M. extensor digitorum communis (fig. 11) 

Origin: By superficial, medial, and deep 
heads, all from the lateral epicondyle of the 
humerus. 

Insertion: Via three long tendons, each of 
which splits prior to insertion. The tendons 
of the superficial head insert on the medial 
surfaces of the distal phalanges of digits IV 
and V, those of the medial head insert on the 
dorsal surfaces of the distal phalanges of dig¬ 
its III and IV, and those of the deep head 
insert on the dorsal surfaces of the distal pha¬ 
langes of digits II and III. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotriclius, Parascalops, Scalopus, Sca¬ 
panus, Scaptonyx, Talpa, and Urotrichus. In 
Uropsilus, this muscle originates as just two 
heads, superficial and deep. The superficial 
head forms a tendon that splits to insert on 
the medial surfaces of the distal phalanges of 
digits IV and V, and the deep head forms a 
tendon that splits to insert on the dorsal sur¬ 
faces of the distal phalanges of digits II, III, 
and IV. There may be individual variation in 
the insertion of this muscle, as some of the 
individuals I dissected appeared to have 
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slightly different patterns of tendon insertion. 
For example, in some specimens of Condy- 
lura, the tendon of the superficial head sent 
a branch to digit II, as well as to digits IV 
and V. Reed (1951) described only two heads 
for this muscle in Neurotrichus, a superficial 
head inserting on digit V, and a deep head 
inserting on digits I—IV. Also, although his 
description of this muscle for Scapanus is 
largely similar to mine, Reed stated that the 
deepest head inserts only on digit II. 

M. extensor indicis et pollicis longus (fig. 

ID 

Origin: From the proximal end of the pos¬ 
terior crest and from the lateral side of the 
proximal crest of the olecranon process of 
the ulna. 

Insertion: Via a tendon that splits to insert 
on the medial sides of the distal phalanges 
of digits I and II. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. extensor digiti quinti proprius 

Origin: As two heads, one by a narrow 
aponeurosis from the proximal crest of the 
olecranon process, the other from the distal 
surface of the lateral epicondyle of the hu¬ 
merus. 

Insertion: Via a single tendon on the mid¬ 
dle phalanx of digit V. 

Remarks: This muscle has the same gen¬ 
eral form in Parascalops, Scalopus, Scapan¬ 
us, and Talpa. In Desmana, Galemys, Neu- 
rotrichus, Scaptonyx and Urotrichus, the or¬ 
igin is similar, but the tendon of insertion 
splits, sending branches to insert on the mid¬ 
dle phalanges of digits IV and V. In Condy- 
lura and Uropsilus, there is only one head of 
origin, from the lateral epicondyle, and the 
insertion is on the middle phalanges of digits 
IV and V. Reed (1951) discussed the confus¬ 
ing configurations in talpids of this muscle 
and the M. extensor carpi ulnaris. 

M. extensor carpi ulnaris (fig. 11) 

Origin: From the lateral epicondyle of the 
humerus. 

Insertion: Via a tendon on the lateral sur¬ 
face of the second phalanx of digit IV. 

Remarks: This muscle has the same gen¬ 
eral form in Parascalops, Scalopus, Scapan¬ 


us, and Talpa. In Condylura, Desmana, Gal- 
emys, Neurotrichus, Scaptonyx, and Urotri¬ 
chus, this muscle originates via two heads, 
one from the lateral epicondyle and the other 
from the posterior and proximal crests of the 
olecranon process of the ulna. In these taxa, 
the insertion is also different, with the tendon 
attaching to a small sesamoid that overlies 
the ulnare. In Uropsilus, this muscle origi¬ 
nates via two heads, as in the preceding taxa, 
but it inserts directly on the proximal end of 
metacarpal V. Reed (1951) offered a possible 
explanation for the phalangeal insertion of 
this muscle in Scapanus. 

Pectoral Group 

M. subclavius (figs. 8 and 9) 

Origin: As three poorly differentiated 
heads, one from the manubrium ventral to 
the ala, a second from the manubrium dorsal 
to the ala, and a third from the anterior sur¬ 
face of the first costal cartilage. 

Insertion: The head from the ventral ma¬ 
nubrium broadly across the posterior surface 
of the clavicle, the head from the dorsal ma¬ 
nubrium on the acromioclavicular ligament 
and the dorsal surface of the acromion pro¬ 
cess, and the head from the first costal car¬ 
tilage via a narrow tendon on the posterior 
surface of the clavicle. 

Remarks: This muscle has the same gen¬ 
eral form in Parascalops, Scalopus, Scapan¬ 
us, and Talpa. In Uropsilus, Desmana, and 
Galemys, it consists of a single undivided 
muscle mass extending from the manubrium 
and first rib to the clavicle. In Uropsilus, this 
muscle inserts only on the posterior surface 
of the clavicle, but in Desmana and Galemys, 
the dorsal portion inserts on the metacromion 
process. In Condylura, Neurotrichus, Scap¬ 
tonyx, and Urotrichus, the muscle originates 
as three heads, as in Parascalops. The head 
from the dorsal manubrium inserts on the 
metacromion, the head from the ventral ma¬ 
nubrium inserts broadly across the posterior 
surface of the clavicle, and the head from the 
first costal cartilage attaches to the posterior 
surface of the clavicle. This last head atta¬ 
ches fleshily to the clavicle in Neurotrichus, 
Scaptonyx, and Urotrichus, and via a flat ten¬ 
don in Condylura. 

The complex and variable form of this 
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muscle mass in talpids has led to confusion 
about its homology. Reed (1951) described 
the parts of this muscle mass as separate 
Mm. subclavius, costoscapularis ventralis, 
and costoscapularis dorsalis, and he pre¬ 
sumed that these were three distinct muscles 
in the common ancestor of shrews and 
moles. This led him to erroneously conclude 
that the absence of M. costoscapularis in sor- 
icids is a secondary loss, and that previous 
workers on talpid myology either missed M. 
subclavius, failed to distinguish it from M. 
costoscapularis, or just forgot to describe one 
of the two muscles. Freeman’s (1886) and 
Campbell’s (1939) interpretations of this 
muscle are similar to mine. 

M. pectoralis superficialis pars anticus 

(fig- 8) 

Origin: From the anterior end of the ma¬ 
nubrium, and from a midventral raphe that 
extends anterior to the sternum. 

Insertion: On the medial side of the pec¬ 
toral process of the humerus. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. pectoralis superficialis pars posticus 

(fig- 8) 

Origin: From the lateral surface of the 
length of the sternum. 

Insertion: Along the lateral surface of the 
pectoral process of the humerus, adjacent to 
the lesser tuberosity. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. pectoralis profundus (fig. 8) 

Origin: From the lateral surface of the ma¬ 
nubrium and from the adjacent surfaces of 
the anterior ribs. 

Insertion: On the lateral half of the pec¬ 
toral ridge of the humerus. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. In Galemys 
and Neurotrichus, it is difficult to separate 
this muscle from the overlying M. pectoralis 
superficialis, and it was reported as absent in 
these taxa by Campbell (1939) and Reed 
(1951), respectively. 

M. pectoralis abdominalis 

Origin: From the fascia of Mm. rectus ab¬ 
dominis and obliquus externus. 


Insertion: On the pectoral crest of the hu¬ 
merus, adjacent to the lateralmost part of M. 
pectoralis superficialis pars posticus. 

Remarks: This muscle is absent in Seal- 
opus , but it is present in the other study taxa. 

M. cutaneus maximus 

Origin: As a large dorsal sheet and a 
smaller ventral sheet. The dorsal sheet arises 
from the deep surface of the dorsal integu¬ 
ment from the base of the tail forward into 
the neck region, including both the dorsal 
and ventral surfaces of the hindlimb, and the 
ventral sheet arises from the deep surface of 
the integument of the chest region. 

Insertion: The dorsal sheet on the lateral 
half of the pectoral process, adjacent to M. 
pectoralis abdominis, and the ventral sheet 
on the pectoral crest, lateral to M. pectoralis 
superficialis posticus. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa, although it is 
particularly well developed in Parascalops, 
Scalopus, Scapanus, and Talpa. Campbell 
(1939) incorrectly reported that the ventral 
portion is absent in Neurotrichus and Uro- 
trichus ; presumably he was also wrong in re¬ 
porting it absent in Mogera, as it is well de¬ 
veloped in Talpa. Where Mm. platysma and 
cutaneus maximus are in contact, M. cuta¬ 
neus maximus is deep. 

M. stemocuticularis 

Origin: From the ventral surface of the 
manubrium, between the two parts of M. 
pectoralis superficialis. 

Insertion: Into the integument covering 
the chest and the ventral surface of the fore¬ 
limb. 

Remarks: This muscle is absent in Urop- 
silus, but it is present in the other study taxa. 
It is a narrow, straplike dermal muscle that 
is innervated by a branch of the pectoral 
nerve. It is superficial to the other muscles 
of the pectoral group. 

Flexor Group of Arm 

M. coracobrachialis 

Origin: From the tip of the coracoid pro¬ 
cess of the scapula. 

Insertion: On the shaft of the humerus at 
the proximal base of the teres tubercle. 
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Remarks: 1 found this muscle only in 
Uropsilus. 

M. biceps brachii (fig. 12) 

Origin: As a long tendon from the cora¬ 
coid border of the rim of the glenoid fossa 
of the scapula. This tendon passes through a 
bicipital tunnel as it crosses the proximal end 
of the humerus. 

Insertion: On the ulnar surface of the 
middle of the radius. 

Remarks: This muscle has the same gen¬ 
eral form in Parascalops and Talpa, and is 
similar in Scalopus and Scapanus except that 
the insertion is via two slips, which are sep¬ 
arated by M. pronator radii teres. Condylura, 
Desmana, Galemys, Neurotrichus, Scapto- 
nyx, and Urotrichus are essentially similar, 
except that the insertion is at the proximal 
end of the radius. In Uropsilus, this muscle 
has two heads of origin, one from the tip of 
the coracoid process and the other via a long 


tendon from the rim of the glenoid fossa; in¬ 
sertion is on the ulnar surface of the proximal 
radius. Also, in Uropsilus, the long tendon 
of origin travels through a bicipital groove as 
it crosses the proximal end of the humerus, 
instead of through a tunnel as in the other 
study taxa. 

M. brachialis (fig. 11) 

Origin: From an extensive area on the 
posterior surface of the humerus, and also 
from the lateral surface of the humerus distal 
to the greater tuberosity. 

Insertion: On the palmar surface of the 
ulna, just distal to the semilunar notch. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

Flexor Group of Forearm 

M. epitrochleo-anconeus (fig. 12) 

Origin: A large superficial head from the 
posterior surface of the medial epicondyle. 
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and a small deeper head from the posterior 
surface of the humerus between the trochlea 
and the pit for the massive ligament associ¬ 
ated with M. flexor digitorum profundus. 

Insertion: The two heads converge on the 
palmar side of the proximal crest of the olec¬ 
ranon process of the ulna. 

Remarks: This muscle has the same gen¬ 
eral form in Parascalops, Scalopus, Scapan- 
us, and Talpa. In Condylura, Desmana, Gal- 
emys, Neurotrichus, Scaptonyx, Uropsilus, 
and Urotriclms, the deeper fibers of this mus¬ 
cle do not form a second head, and instead 
there is a continuous origin from the poste¬ 
rior surface of the medial epicondyle and 
from the adjacent posterior surface of the hu¬ 
merus. 

M. flexor carpi ulnaris (fig. 12) 

Origin: From the palmar surface of the 
posterior crest and the adjacent distal surface 
of the proximal crest of the olecranon pro¬ 
cess of the ulna. 

Insertion: Via a long tendon on the pisi¬ 
form bone. 

Remarks: This muscle has the same gen¬ 
eral form in Parascalops, Scalopus, Scapan- 
us, and Talpa. Condylura, Desmana, Gale- 
mys, Neurotrichus, Scaptonyx, Uropsilus, 
and Urotrichus have a second head of origin 
from the medial epicondyle of the humerus. 

M. palmaris longus (fig. 12) 

Origin: From the palmar surface of the 
medial epicondyle of the humerus. 

Insertion: Via a flat tendon that forks 
halfway down the forearm, sending one 
branch to the palmar surface of the os falci- 
forme and the other to the lateral surfaces of 
the phalanges of digit V. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotrichus, Parascalops, Scalopus, Sca- 
panus, Scaptonyx, Talpa, and Urotrichus . In 
Uropsilus, the tendon of this muscle does not 
fork, but instead extends as a single tendon 
into the palmar fascia. 

M. flexor carpi radialis 

Origin: From the base of the pit for the 
massive ligament of M. flexor digitorum pro¬ 
fundus at the distal end of the humerus, ad¬ 
jacent to the entepicondylar foramen. 


Insertion: Via a tendon that passes 
through a groove on the lateral side of the 
centrale and fans out to attach to the poster- 
oventral margins of metacarpals II and III. 

Remarks: This muscle has the same gen¬ 
eral form in Parascalops, Scalopus, Scapan- 
us, and Talpa. In Condylura, Desmana, Gal¬ 
emys, Neurotrichus, Scaptonyx, Uropsilus, 
and Urotrichus, this muscle inserts only on 
metacarpal III. Dobson (1882—1890) de¬ 
scribed this muscle as inserting on metacar¬ 
pal II in Desmana, but in the specimen that 
I dissected it inserted on metacarpal III. Reed 
(1951) stated that M. flexor carpi radialis in¬ 
serts on metacarpal II in Neurotrichus, but in 
the three specimens of this genus that I dis¬ 
sected it invariably inserted on metacarpal 
III. 

M. pronator radii teres (fig. 12) 

Origin: From the anterior surface of the 
medial epicondyle of the humerus. 

Insertion: On the pollical surface of the 
radius. 

Remarks: This muscle is similar in the 11 
study taxa. 

M. flexor digitorum superficialis 

Origin: As a single head from the medial 
epicondyle of the humerus and from the ad¬ 
jacent surface of a massive ligament associ¬ 
ated with M. flexor digitorum profundus. 

Insertion: Via a tendon that broadens in 
the palm superficial to the flexor profundus 
ligament, and then sends out branches to the 
proximal phalanges of digits II, III, and IV. 
These branches are perforated by the corre¬ 
sponding branches of the M. flexor digitorum 
profundus ligament. 

Remarks: This muscle has the same gen¬ 
eral form in Parascalops, Scalopus, Scapan- 
us, and Talpa. In Condylura, Desmana, Gal¬ 
emys, Neurotrichus, Scaptonyx, Uropsilus, 
and Urotrichus, this muscle originates as 
three distinct heads, and these form separate 
tendons that insert on the proximal phalanges 
of digits II, III, and IV. These tendons are 
also perforated by the corresponding branch¬ 
es of the M. flexor digitorum profundus lig¬ 
ament. In Uropsilus, the three heads origi¬ 
nate from the medial epicondyle of the hu¬ 
merus, and in Desmana and Galemys, they 
originate from the area between the trochlea 
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and the pit for the massive ligament associ¬ 
ated with M. flexor digitorum profundus. In 
Condylura, Neurotrichus, Scaptonyx, and 
Urotrichus, the superficial head originates 
from the surface of the flexor profundus lig¬ 
ament, and the other two heads originate 
from the area between the trochlea and the 
pit for the ligament of M. flexor digitorum 
profundus. The three heads of this muscle are 
sometimes referred to as the condylo-ulnaris, 
centralis, and condylo-radialis (Howell, 
1936; Reed, 1951). Reed (1951) named this 
muscle M. flexor digitorum sublimus. His 
treatment of it is similar to mine, except that 
he described the superficial head in Neuro¬ 
trichus as originating from the medial epi- 
condyle of the humerus. 

M. flexor digitorum profundus 

In Uropsilus, this muscle has five muscu¬ 
lar heads, but in the other study taxa, a mas¬ 
sive ligament has apparently replaced one of 
the heads. This flexor ligament originates 
from a prominent pit on the distal tip of the 
medial epicondyle of the humerus and re¬ 
ceives contributions from the remaining mus¬ 
cular heads before splitting to insert on each 
of the five digits. Reed (1951) reported that 
Neurotrichus has five muscular heads to this 
muscle, but I found only four in the speci¬ 
mens of Neurotrichus that I dissected, and I 
believe that he was in error. 1 use Reed’s 
(1951) names for these muscles, but I come 
to different conclusions about the homolo¬ 
gies of two of these muscles in Neurotrichus 
relative to the other taxa. Thompson (1884) 
was the first to describe the function of the 
flexor ligament. 

ulnaris proprius head (fig. 12) 

Origin: From the palmar surface of the 
proximal half of the ulna. 

Insertion: Via a tendon that runs superfi¬ 
cial to the great flexor ligament and joins the 
superficial surface of the ligament at the level 
of the carpus. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

condylo-ulnaris head 

Origin: From the palmar surface of the 
ulna, distal to the semilunar notch and deep 
to the ulnaris proprius head. 


Insertion: On the surface of the flexor 
tendon adjacent to the insertion of the radi- 
alis proprius head. 

Remarks: This muscle has the same gen¬ 
eral form in Neurotrichus, Parascalops, 
Scalopus, Scapanus, Scaptonyx, Talpa, and 
Urotrichus. In Condylura, Desmana, and 
Galemys, this muscle has a similar origin, but 
it is closely associated with the ulnaris pro¬ 
prius, and together they form a common ten¬ 
don that inserts on the superficial surface of 
the flexor ligament. The origin is similar in 
Uropsilus, but the tendon remains single un¬ 
til it joins in a common palmar tendon. Reed 
(1951) identified this head as the condylo- 
radialis in Neurotrichus. Castiella et al. 
(1992) did not describe this head for Talpa. 

centralis head 

Origin: From the distal humerus between 
the trochlea and the pit for the flexor liga¬ 
ment. 

Insertion: Via a tendon that runs deep to 
the flexor ligament and joins the ligament 
along its lateral surface just proximal to the 
carpus. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Parascalops, Scalopus, Scapanus, Talpa, and 
Uropsilus. In Neurotrichus, Scaptonyx, and 
Urotrichus, it originates from the palmar sur¬ 
face of the proximal olecranon, deep to the 
ulnaris proprius head; insertion is similar to 
the other taxa. Reed (1951) identified this 
muscle as the condylo-ulnaris in Neurotri¬ 
chus. 

condylo-radialis head 

Origin: From the anterior surface of the 
medial epicondyle of the humerus. 

Insertion: Forms a heavy tendon that is 
joined by the other heads of this muscle be¬ 
fore splitting to send branches to the distal 
phalanges of the five digits. 

Remarks: This head is muscular only in 
Uropsilus, but for several reasons I believe 
it is homologous with the flexor ligament of 
the other study taxa. In Uropsilus, this head 
and the radialis proprius head form a large 
common tendon that is joined by contribu¬ 
tions from the other muscular heads, similar 
to the way these tendons join the flexor lig¬ 
ament in the other study taxa. Also, in Urop- 
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silus, this head originates from the anterior 
surface of the medial epicondyle, which is 
where the flexor ligament originates. Finally, 
this muscular head and the flexor tendon are 
never found in conjunction. 

radialis proprius head 

Origin: From the ulnar surface of the 
proximal radius. 

Insertion: Joins with the condylo-radialis 
head to insert directly on the deep surface of 
the middle of the flexor ligament. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotrichus, Parascalops, Scaptonyx, and 
Urotrichus. In Uropsilus, this muscle origi¬ 
nates from the palmar surface of the middle 
radius and joins with the condylo-radialis 
head to form a stout tendon, which is joined 
at the level of the carpus by separate tendons 
from the other three heads. This head is ap¬ 
parently absent in Scalopus, Scapanus, and 
Talpa. 

M. pronator quadratus 

I did not identify this muscle in the study 
taxa. Reed (1951) used a compound micro¬ 
scope to identify muscle fibers in Neurotri- 
chus that he attributed to M. pronator qua¬ 
dratus. 

Superficial Podial Series 

M. abductor pollicis brevis 

Origin: From a ridge on the medial side 
of the palmar surface of the radiale. 

Insertion: On the medial side of a sesa¬ 
moid that lies on the palmar surface of the 
metacarpo-phalangeal joint of digit I. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri- 
chus, Parascalops, Scapanus, Scaptonyx, 
Talpa, Uropsilus, and Urotrichus. It is ap¬ 
parently absent in Galemys and Scalopus. 
Reed (1951) found this muscle in Scapanus, 
but considered it to be the medial deep podial 
flexor for the pollex. However, in Uropsilus 
and in the soricids Crocidura (Haines, 1955), 
Suncus (Sharma, 1958), and Blarina (person¬ 
al obs.), a muscle originating from a ridge on 
the radiale is present in addition to a full set 
of paired Mm. flexores breves to each digit. 
Such a muscle is also present in Desmana, 


which has an unpaired M. flexor brevis for 
each digit (see description of Mm. flexores 
breves below). It seems to me more likely 
that talpids other than Galemys and Scalopus 
have retained M. abductor pollicis brevis and 
(except for Uropsilus) reduced or lost the set 
of deep podial flexors. 

M. abductor digiti quinti 

Origin: From the distal surface of the pi¬ 
siform. 

Insertion: On the lateral side of a sesa¬ 
moid that lies on the palmar surface of the 
metacarpo-phalangeal joint of digit V. 

Remarks: I found this tiny muscle in 
Uropsilus and Desmana and in some speci¬ 
mens of Condylura, Parascalops, and Sca¬ 
panus. In Uropsilus, the palmar sesamoids 
between the metacarpals and the proximal 
phalanges are paired, and this muscle inserts 
on the lateral sesamoid associated with digit 
V. The variable occurrence of this muscle in 
Condylura, Parascalops, and Scapanus may 
reflect individual variation, or it may be the 
result of poor specimen preservation or ob¬ 
servational error. 

M. flexor brevis digitorum manus 

I did not identify this muscle in any of the 
study taxa, although I did find it in Blarina. 

Deep Podial Series 

Mm. flexores breves (fig. 13) 

In Uropsilus, there is a medial and a lateral 
flexor for each digit. These muscles originate 
from connective tissue over the carpo-meta- 
carpal joints, and insert on either side of the 
paired sesamoids that lie on the palmar sur¬ 
faces of the metacarpo-phalangeal joints. 
Galemys is similar, except that the tendons 
insert in connective tissue on the sides of the 
digits. Galemys also has a heavy ligament 
between each pair of muscles. This ligament 
originates from the metacarpal and attaches 
to the metacarpo-phalangeal sesamoid (the 
metacarpo-phalangeal sesamoids are single 
in talpids other than Uropsilus). In Desmana, 
there is a single flexor brevis element for 
each digit, and this originates from connec¬ 
tive tissue over the carpo-metacarpal joint 
and inserts on the appropriate metacarpo¬ 
phalangeal sesamoid. In the other study taxa. 
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the Mm. flexores breves have apparently 
been lost or replaced by tendons. 

Remarks: Reed (1951) discussed the use 
of the name “flexores breves” for the deep 
podial flexors in soricids and talpids. In the 
Remarks section for M. abductor pollicis 
brevis, I noted how my interpretation of Mm. 
flexores breves differs from his. 

Pelvic Limb Musculature 
Iliacus Group 

M. iliacus (fig. 15) 

Origin: From the ventral surface of the ra¬ 
mus of the ilium and from the ventral sur¬ 
faces of the last lumbar and first sacral ver¬ 
tebrae. 

Insertion: On the lesser trochanter of the 
femur, distal to the insertion of M. psoas ma¬ 
jor. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Galemys, Neurotri- 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, Uropsilus, and Urotrichus. 
Mm. iliacus and psoas major lie close to¬ 
gether, inserting side by side on the lesser 


trochanter, and Leche (1883) considered 
them one muscle, M. iliopsoas. 

M. psoas major 

Origin: From the ventral surfaces of the 
last three or four lumbar and the first sacral 
vertebrae, and from the tendon of M. psoas 
minor. 

Insertion: On the lesser trochanter of the 
femur. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Galemys, Neurotri- 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, and Uropsilus. 

M. pectineus (fig. 16) 

Origin: From the posterior end of the ra¬ 
mus of the ilium and from the anterior end 
of the horizontal ramus of the pubis. 

Insertion: On a ridge on the ventromedial 
surface of the proximal half of the femur, 
starting just distal to the lesser trochanter. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotrichus, Parascalops, Scalopus, Sca¬ 
panus, Scaptonyx, Talpa, and Uropsilus. 
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Gluteal Group 

M. tensor fascia femoris ( tig. 14) 

Origin: From the dorsal surface of the il¬ 
iac crest. 

Insertion: On the third trochanter of the 
femur. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotrichus, Parascalops, Scalopus, Sca- 
panus, Talpa, Uropsilus, and Urotrichus. 


M. gluteus maximus (fig. 14) 

Origin: From a fascial sheet that runs be¬ 
tween the iliac crest and the sacral neural 
spines, and from the anterior four or five sa¬ 
cral neural spines. 

Insertion: On the third trochanter of the 
femur, deep to the insertion of M. tensor fas¬ 
cia femoris. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 



Fig. 15. Lateral view of pelvic limb muscles of Parascalops, superficial muscles removed. 
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Neurotrichus, Parascalops, Scalopus, Sca- 
panus, Talpa, Uropsilus, and Urotrichus. Le- 
che (1883) incorrectly reported that this mus¬ 
cle inserts on the greater trochanter. 

M. femorococcygeus (fig. 14) 

Origin: From a fascial sheet attaching to 
the sacral spine and from the surface of M. 
gluteus maximus. 

Insertion: Via a fascial sheet that attaches 
to the falciform process and crest of the tibia, 
and that covers the adjacent surface of the 
shank. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Galemys, Neurotri¬ 
chus, Parascalops, Scalopus, Scapanus, Tal¬ 
pa, and Urotrichus. In Uropsilus, this muscle 
does not originate from the surface of M. 
gluteus maximus, but it is otherwise similar. 
In Desmana, some anterior fibers of this 
muscle originate from the third trochanter of 
the femur and join the fascial sheet of the 
main part of the muscle to insert on the fal¬ 
ciform process. These fibers represent one 
head of Dobson’s (1882—1890) M. biceps 
flexor cruris, with the other heads being the 
remainder of M. femorococcygeus plus Mm. 
biceps femoris and tenuissimus. 

M. tenuissimus 

Origin: From the dorsal margin of the lat¬ 
eral surface of the sacral spine, deep to M. 
femorococcygeus. 

Insertion: On the Achilles tendon, deep to 
the insertion of M. biceps femoris. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotrichus, Parascalops, Scalopus, Sca¬ 
panus, Talpa, Uropsilus, and Urotrichus. 

M. gluteus medius (figs. 14 and 15) 

Origin: From the iliac crest, from the dor¬ 
solateral surface of the ilium, and from the 
sacral spine of the first four sacral vertebrae. 

Insertion: On the greater trochanter of the 
femur. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotrichus, Parascalops, Scalopus, Sca¬ 
panus, Talpa, Uropsilus, and Urotrichus. 


M. gluteus minimus 

This muscle is either absent or fused to M. 
gluteus medius in soricoids (shrews and 
moles) (Reed, 1951). 

M. piriformis 

This muscle is absent in soricoids (shrews 
and moles) (Reed, 1951). 

Quadriceps Femoris Group 

M. rectus femoris (figs. 14—18) 

Origin: From a small process at the anter- 
odorsal margin of the acetabulum of the pel¬ 
vis. 

Insertion: On the anterior and dorsal sur¬ 
faces of the patella. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. Distally, M. 
rectus femoris becomes partially fused with 
the three vasti muscles, forming a quadriceps 
femoris, but the four elements are still largely 
separable. 

M. vastus lateralis (figs. 14 and 17) 

Origin: From the anterior surface of the 
proximal femur, between the greater and 
third trochanters. 

Insertion: On the lateral surface of the pa¬ 
tella. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. vastus medialis (figs. 16 and 18) 

Origin: From the anteromedial surface of 
the proximal half of the femur, distal to the 
lesser trochanter. 

Insertion: On the medial surface of the 
patella. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. vastus intermedius (fig. 15) 

Origin: From the anterior surface of the 
middle of the femur. 

Insertion: Via a short flat tendon on the 
dorsal surface of the patella. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. sartorius 

This muscle is absent in soricoids (shrews 
and moles) (Reed, 1951). 
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Fig. 17. Lateral view of lower leg muscles of Parascalops. A, Superficial muscles; B, deeper muscles. 
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Tibial Extensor Group 

M. extensor digitorum longus (fig. 17) 

Origin: From the anterior surface of the 
lateral epicondyle of the femur. 

Insertion: Via four tendons on the dorsal 
surfaces of the distal phalanges of digits II— 
V: the most superficial tendon goes to digit 
II, the next to digit III, the next to digit IV, 
and the deepest to digit V. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Parascalops, Scalopus, Scapanus, Talpa, and 
Uropsilus. In Neurotrichus, Scaptonyx, and 
Urotrichus, there is an additional head of or¬ 
igin from the anterior surface of the lateral 
process of the fibula. 

M. extensor hallucis longus 

Origin: From the ventral edge of the fal¬ 
ciform process and the adjacent lateral sur¬ 
face of the tibia. 

Insertion: Via a tendon on the dorsal sur¬ 
face of the distal phalanx of digit I. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotrichus, Parascalops, Scalopus, Sca¬ 
panus, Scaptonyx, Talpa, and Urotrichus. 
Uropsilus is similar, except that the tendon 
of insertion splits and inserts on digits I and 
II. 

M. tibialis anticus (figs. 16—18) 

Origin: From the lateral and distal surfac¬ 
es of the falciform process of the tibia, from 
the lateral surface of the proximal tibial 
shaft, and from the anteromedial surface of 
the lateral process of the fibula and a fascial 
sheet between the lateral process and the fal¬ 
ciform process. 

Insertion: Via a stout tendon into a pit on 
the medial surface of tarsale I. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotrichus, Parascalops, Scaptonyx, 
Uropsilus, and Urotrichus. In Scalopus, Sca¬ 
panus, and Talpa, there is no head of origin 
from the lateral process of the fibula, and 
much of this muscle originates from a fossa 
on the anteromedial surface of the tibial 
head. 


Peroneal Group 

M. peroneus longus (fig. 17) 

Origin: A superficial head from the pos¬ 
terior surface of the lateral process of the fib¬ 
ula, and a deep head from the lateral condyle 
of the tibia. 

Insertion: Via a long tendon that runs 
through a channel on the distal surface of the 
calcaneus and then forks, with the branches 
attaching on the ventral surfaces of metatar¬ 
sals I and III. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. Reed (1951) 
reported that this muscle inserts only on 
metatarsal I in Scapanus, and that in Neu¬ 
rotrichus it forks, with one branch inserting 
on metatarsal I and the other branch forming 
one of the Mm. flexores breves to digit II. 

M. peroneus brevis (fig. 17) 

Origin: A superficial head from the distal 
tip of the lateral process of the fibula, and a 
deep head from the interosseous membrane 
and the lateral surface of the tibia proximal 
to its fusion with the fibula. 

Insertion: Via a tendon that runs behind 
the lateral malleolus, passes through a shal¬ 
low groove in the dorsal surface of the cal¬ 
caneus, and attaches to the proximal end of 
metatarsal V. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. peroneus digiti quarti 

Origin: From the lateral surface of the fib¬ 
ula at the base of the lateral process. 

Insertion: On the proximal end of the 
middle phalanx of digit IV. 

Remarks: This muscle is present in Con¬ 
dylura, Desmana, Galemys, Neurotrichus, 
Scaptonyx, Uropsilus, and Urotrichus. It is 
absent in Parascalops, Scalopus, Scapanus, 
and Talpa. 

M. peroneus digiti quinti (fig. 17) 

Origin: From the lateral surface of the fib¬ 
ula at the base of the lateral process. 

Insertion: On the proximal end of the 
middle phalanx of digit V. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 
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Adductor Group 

M. gracilis 

Origin: From the ventrolateral surface of 
the horizontal ramus of the pubis. 

Insertion: Via a fascial sheet onto the an¬ 
terior surface of the falciform process of the 
tibia. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. adductor longus (fig. 16) 

Origin: From the ventrolateral surface of 
the middle of the horizontal ramus of the pu¬ 
bis. 

Insertion: Largely on the posterior sur¬ 
face of the shaft of the femur, with a small 
posterior slip on the proximal surface of the 
medial epicondyle. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. In Condylura, 
the two parts of this muscle are approxi¬ 
mately equal in size. 

M. adductor brevis et magnus (figs. 15 
and 16) 

Origin: From the ventrolateral surface of 
the posterior half of the horizontal ramus of 
the pubis, and down the descending ramus to 
the pubic spine. 

Insertion: Onto a ridge on the posterolat¬ 
eral side of the femur, extending from the 
posterior surface of the third trochanter al¬ 
most to the lateral epicondyle. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. Mm. adductor 
brevis and adductor magnus are fused in 
shrews and moles (Leche, 1883). 

M. obturator extemus 

Origin: From the lateral surface of the 
horizontal ramus of the pubis. 

Insertion: In the intertrochanteric fossa of 
the femur. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

Ischiotrochanteric Group 

M. obturator interims (fig. 15) 

Origin: From the medial surface of the an¬ 
terior half of the horizontal ramus of the pu¬ 
bis. 


Insertion: Via a flat tendon that runs 
through the sciatic notch and over the dorsal 
margin of the acetabulum, superficial to M. 
gemellus, to insert on the posteroproximal 
surface of the greater trochanter of the femur. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Neurotrichus, Par- 
ascalops, Scalopus, Scapanus, Scaptonyx, 
Talpa, Uropsilus, and Urotrichus. This mus¬ 
cle is apparently absent in Desmana and Gal- 
emys. Dobson (1882—1890) also noted the 
absence of this muscle in Desmana. 

M. gemellus (fig. 15) 

Origin: From the dorsolateral surface of 
the horizontal ramus of the ischium. 

Insertion: On the proximal margin of the 
posterior surface of the greater trochanter of 
the femur. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotrichus, Parascalops, Uropsilus, and 
Urotrichus. In Scalopus, Scapanus, and Tal¬ 
pa, this muscle is fused at its origin with M. 
quadratus femoris. Dobson (1882—1890) in¬ 
correctly reported that this muscle is absent 
in Desmana. 

M. quadratus femoris (fig. 15) 

Origin: From the posterior end of the is¬ 
chium and from the lateral surface of the de¬ 
scending ramus of the pubis. 

Insertion: On the posteromedial surface 
of the lesser trochanter of the femur. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Neurotrichus, Parascalops, Uropsilus, and 
Urotrichus. In Scalopus, Scapanus, and Tal¬ 
pa, the origin of this muscle is more exten¬ 
sive, extending deep to M. gemellus as far 
anteriorly as the posterior rim of the acetab¬ 
ulum. Its fusion with M. gemellus in these 
three genera has already been noted. 

Hamstring Group 

M. caudofemoralis (figs. 15 and 16) 

Origin: From the ischial tuberosity, deep 
to M. biceps femoris. 

Insertion: In a small fossa on the medial 
epicondyle of the femur. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. Reed (1951) 


2000 


WHIDDEN: MYOLOGY OF MOLES 


39 



A B 


Fig. 18. Medial view of lower leg muscles of Parascalops. A, Superficial muscles; B, deeper mus¬ 
cles. 


discussed past confusion over the homology 
of this muscle. 

M. semitendinosus I (fig. 15) 

Origin: From the ventral surface of the de¬ 
scending ramus of the pubis and the tip of 
the pubic spine. 

Insertion: Via a fascial sheet on the an¬ 
terior surface of the tibial crest. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. The two heads 
of the typical mammalian semitendinosus are 
separate muscles in shrews and moles and 
were designated Mm. semitendinosus I and 
11 by Leche (1883). 

M. semitendinosus II (fig. 14) 

Origin: From the posterior end of the sa¬ 
cral spine and from the neural spine of the 
first caudal vertebra. 

Insertion: Via a fascial sheet on the an¬ 
terior surface of the tibial crest, just distal to 
the insertion of M. semitendinosus I. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 


M. semimembranosus (fig. 15) 

Origin: From the dorsolateral surface of 
the posterior half of the descending ramus of 
the pubis. 

Insertion: On the medial surface of the 
proximal tibia, deep to M. gracilis. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. biceps femoris (fig. 14) 

Origin: From the ischial tuberosity and 
from the descending ramus of the pubis. 

Insertion: In fascia over the lateral side of 
the shank, from the falciform process of the 
tibia to the Achilles tendon. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

Flexor Group of Leg 

M. gastrocnemius (figs. 16—18) 

Origin: A medial head from a small fossa 
in the posterior surface of the medial epicon- 
dyle of the femur, and a lateral head from the 
posterior surface of the lateral epicondyle of 
the femur, where it is fused with M. plantaris. 
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Insertion: The two heads join with the 
tendon of M. soleus to form the Achilles ten¬ 
don, which inserts on the calcaneus. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. plantaris (figs. 16 and 18) 

Origin: From the posterior surface of the 
lateral epicondyle of the femur, where it is 
fused with the lateral head of M. gastrocne¬ 
mius. 

Insertion: Via a tendon that covers the 
posterior surface of the calcaneus and ex¬ 
tends out the sole of the foot to form three 
branches. These branches extend out along 
the ventral surfaces of digits II, III, and IV 
and attach on the posterior margins of the 
proximal and middle phalanges. 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. soleus (fig. 17) 

Origin: From the dorsal and posterior sur¬ 
faces of the posterior process of the fibula. 

Insertion: Via a tendon that contributes to 
the Achilles tendon and inserts on the cal¬ 
caneus (see M. gastrocnemius). 

Remarks: This muscle has the same gen¬ 
eral form in the 11 study taxa. 

M. popliteus (fig. 18) 

Origin: As a tendon from a pit on the pos- 
teroventral surface of the lateral epicondyle 
of the femur. 

Insertion: On the posterior crest of the 
tibia, proximal to the fusion of the tibia and 
fibula. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmcina, Galemys, 
Neurotrichus, Parascalops, Scalopus, Sca- 
panus, Scaptonyx, Talpa, and Urotrichus. 
Uropsilus is similar except that the origin is 
from a sesamoid that lies adjacent to the lat¬ 
eral epicondyle. 

M. flexor digitorum tibialis (fig. 18) 

Origin: From the posterior surface of the 
medial condyle of the tibia. 

Insertion: Via a tendon that attaches to 
the ventromedial surface of the medial tar- 
sale, and then continues out into the sole of 
the foot. 


Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Neurotri¬ 
chus, Parascalops, Scalopus, Scapanus, 
Scaptonyx, Talpa, Uropsilus, and Urotrichus. 
In Galemys, this muscle originates as above, 
but apparently inserts just in connective tis¬ 
sue on the medial side of the foot, as I did 
not find a medial tarsale in this genus. See 
Reed (1951: 581) for a discussion of the me¬ 
dial tarsale. 

M. tibialis posticus (fig. 18) 

Origin: From the medial surface of the 
posterior process of the fibula. 

Insertion: Via a tendon onto the postero¬ 
medial surface of the centrale. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Parascalops, Scal¬ 
opus, Scapanus, and Urotrichus. Neurotri¬ 
chus, Scaptonyx, and Uropsilus are similar 
except that the insertion is on tarsale I. In 
Desmana and Galemys, this muscle origi¬ 
nates as described above, but the muscle is 
quite small, and I could not trace its tendon. 
Dobson (1882-1890) stated that in these two 
genera the tendon of this muscle joins the 
tendon of M. flexor digitorum tibialis. M. tib¬ 
ialis posticus is apparently absent in Talpa. 
Reed (1951) reported that this muscle inserts 
on tarsale I in occasional specimens of Sca¬ 
panus, so there may be variation in the in¬ 
sertion of this muscle. 

M. flexor digitorum fibularis (figs. 17 and 
18) 

Origin: A lateral head from the posterior 
surface of the posterior process and shaft of 
the fibula, and a medial head from the pos¬ 
terior and medial surfaces of the proximal 
tibia, the interosseus membrane, and the sur¬ 
faces of the tibia and fibula adjacent to the 
interosseus membrane. These heads are fused 
for much of their length, and they form a 
single tendon. 

Insertion: Via a massive tendon that 
wraps around the medial side of the calca¬ 
neus and forms five branches that extend out 
the digits and attach to the ventral surfaces 
of the distal phalanges. 

Remarks: This muscle has the same gen¬ 
eral form in Condylura, Desmana, Galemys, 
Parascalops, Scalopus, Scapanus, Talpa, and 
Uropsilus. In Neurotrichus, Scaptonyx, and 
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Urotrichus, the origin and insertion are sim¬ 
ilar, but the muscular heads are not fused, 
and the tendons remain separate until the dis¬ 
tal end of the shank. 

Flexor Group of the Pes 

M. abductor hallucis (fig. 19) 

Origin: From a ridge on the plantar sur¬ 
face of the centrale. 

Insertion: Via a long tendon on the me¬ 
dial surface of the sesamoid that covers the 
metatarso-phalangeal joint of digit I. 

Remarks: I found this muscle in all of the 
study taxa except Condylura, Desmana, Gal- 
emys, Talpa, and Uropsilus. The homology 
of this muscle is unclear, and I follow Reed 
(1951) in using this name for it. Reed (1951) 
incorrectly claimed that it increases in size 
with increasing fossorial activity: it is well 
developed in Scapanus, but not in Parascal- 
ops or Scalopus, and it is apparently absent 
in Talpa. 

Mm. flexores breves (fig. 19) 

In Uropsilus, there is a medial and a lateral 
M. flexor brevis for each digit. The muscles 


for digits 1 and V originate from tiny sesa- 
moids at the proximal ends of their respec¬ 
tive metatarsals, whereas the muscles for the 
other digits originate from connective tissue 
over the tarso-metatarsal joints. Insertion is 
on paired sesamoids that lie on either side of 
the plantar surfaces of the metatarso-phalan¬ 
geal joints. Neurotrichus, Scaptonyx, and 
Urotrichus also have paired muscles for each 
digit. These muscles originate from the prox¬ 
imal ends of the metatarsals and from con¬ 
nective tissue over the tarso-metatarsal joints, 
and they insert on the sides of the metatarso¬ 
phalangeal sesamoids. In these genera, and 
in all talpids other than Uropsilus, the me¬ 
tatarso-phalangeal sesamoids are single, and 
the flexor muscles insert on their respective 
sides of the sesamoid. Desmana and Galemys 
are similar to Uropsilus except that the me¬ 
dial flexor for digit I originates from the 
proximal end of the first metatarsal, and the 
lateral flexor for this digit is absent. In the 
remaining taxa there are fewer of these mus¬ 
cles. They originate from connective tissue 
at the base of the metatarsals, and the ten¬ 
dons of insertion continue past the metatarso¬ 
phalangeal sesamoids and wrap around the 
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sides of the digits to insert on a sesamoid on 
the dorsal surface of the first phalanx. Con- 
dylura has paired muscles for digits II and 
111 and a medial muscle for digit IV. Paras- 
calops has paired muscles for digits II and 
III and medial muscles for digits IV and V. 
Talpa has paired muscles for digits II, III, 
and IV. Scalopus and Scapanus have paired 
muscles for digits II and III and a medial 
muscle for digit IV. 

Remarks: I could not determine if the ten¬ 
dons of insertion extended to the dorsal sur¬ 
face of the digits in Desmana, Galemys, Neu- 
rotrichus, Scaptonyx, and Urotrichus. Also, 
there may be intraspecific variability in these 
muscles, as one of the specimens of Scapan¬ 
us that I dissected also had a lateral muscle 
for digit IV and a medial muscle for digit V, 
and I could not find the medial muscle for 
digit V in some specimens of Parascalops. 
However, these are tiny muscles, and obser¬ 
vational error or nongenetic factors (such as 
method of preservation or condition of spec¬ 
imens at the time of preservation) could ex¬ 
plain the variability. Reed (1951) reported 
that Neurotrichus had three Mm. flexores 
breves per digit, but I believe that he con¬ 
fused a tendon that extends from the plantar 
connective tissue to the metatarso-phalangeal 
sesamoid of each digit for a third M. flexor 
brevis. 

PHYLOGENETIC ANALYSIS 
Methods 

Approximately 60 of the muscles de¬ 
scribed above exhibit significant intergeneric 
variation, and these were evaluated for use 
as characters. Twelve muscles were exclud¬ 
ed, either because I was not confident that I 
had accurately described the differences be¬ 
tween taxa, or because I considered these dif¬ 
ferences to be of questionable phylogenetic 
significance. The excluded muscles were 
Mm. pterygopharyngeus, psoas minor, ser- 
ratus anterior thoracis, triceps brachialis ca¬ 
put medialis, extensor digitorum communis, 
cutaneus maximus, flexor carpi radialis, ab¬ 
ductor digiti quinti, extensor hallucis longus, 
popliteus, flexor digitorum tibialis, and fle¬ 
xores breves of the pes. I could not determine 
the homologies of the individual elements in 


the Mm. sterno-cleido-mastoideus/occipitalis 
complex, and therefore I considered this 
group of muscles to represent a single char¬ 
acter. Mm. trapezius posticus and dorsocuti- 
cularis are closely associated at their origins, 
have the same innervation, and always vary 
together, which suggests nonindependence, 
and therefore I used only M. trapezius pos¬ 
ticus as a character. Mm. latissimus dorsi, 
subscapularis, extensor digiti quinti, extensor 
carpi ulnaris, and biceps brachii exhibit in¬ 
tergeneric variation at both origin and inser¬ 
tion, and because changes at the origin do 
not covary with changes at the insertion, I 
treated the origins and insertions as separate 
characters. Changes to the different heads of 
M. flexor digitorum profundus appear to be 
independent, and so I treated the heads as 
separate characters. Finally, I ordered the 
multistate characters for which 1 could hy¬ 
pothesize a logical relationship between 
character states (Lipscomb, 1992; Wilkinson, 
1992). The result of this analysis was 58 my- 
ological characters, four of which were or¬ 
dered. 

Hypotheses of primary homology for the 
character states were made on the basis of 
topographic position and similarity of inner¬ 
vation (Wiley, 1981; Patterson, 1982; de Pin¬ 
na, 1991). I dissected specimens of Blarina 
(Soricidae) and Atelerix (Erinaceidae) (table 
2) to determine outgroup states for each char¬ 
acter. The data matrix (table 3) contained the 
11 study taxa plus Blarina and Atelerix. I 
used the branch-and-bound algorithm of 
PAUP* (version 4.0b 1 for the Macintosh; 
Swofford, 1998) for the parsimony analysis, 
and specified that the outgroup taxa were 
paraphyletic with respect to a monophyletic 
ingroup. The analysis was performed with 
the characters both unordered and ordered. 

Characters 

1. M. digastricus venter anterior, medial 
sheet: (0) absent; (1) present. 

2. Ear pinna musculature: (0) well devel¬ 
oped; (1) absent. 

3. M. cervico-auricularis pars profundus, 
insertion: (0) on posteromedial edge of 
auditory meatus; (1) into skin over the 
forelimb. 

4. M. mandibulo-auricularis: (0) well de- 
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TABLE 3 

Data Matrix 

Taxa listed to indicate hypothesized patterns of synapomorphy. Characters 23, 34, 39, and 43 are ordered. 

? » missing data. 

Characters 

0000000001111111111222222222233333333334444444444555555555 


Taxa 1234567890123456789012345678901234567890123456789012345678 


Atelerix 

0 

0 

0 

0 0 1? 

0 

0 

0 0 

0 0 

1 ? 

3 

0 0 0 1 

0 0 0 

11 

0 0 

0 0 

0 0 

0 

1 

0 

0 

0 0 0 

0 

0 0 0 

? 0 

0 

0 0 

? 0 0 

00 

0 0 0 0 

0 0 

Blarina 

0 

0 

0 

0 0 0 0 

0 

0 

0 0 

0 0 

0 0 

0 

0 0 0 0 

0 0 0 

0 0 

0 0 

0 0 

0 0 

1 

0 

0 

0 

0 10 

0 

0 0 0 

0 0 

0 

0 0 

000 

00 

0 0 0 0 

1 0 

Uropsilus 

0 

0 

0 

0 0 0 1 

0 

0 

0 0 

0 0 

0 ? 

0 

0 0 0 0 

0 0 0 

0 0 

0 0 

00 

0 0 

0 

0 

0 

1 

0 0 1 

0 

0 0 0 

0 0 

0 

0 0 

0 0 0 

0 1 

0 0 0 0 

0 1 

Desmana 

1 

1 

0 

0 0 0 2 

0 

0 

0 1 

1 0 

0 0 

? 

0 0 0 1 

111 

0 0 

11 

00 

1 0 

0 

2 

1 

1 

110 

0 

0 0 1 

01 

0 

11 

0 0 1 

0 1 

0 10? 

0 1 

Galemys 

■? 

1 

0 

0 ? ?2 

0 

0 

0 1 

1 0 

0 0 

0 

0 0 0 1 

111 

00 

11 

0 0 

1 0 

0 

2 

1 

1 

110 

0 

0 0 1 

0 1 

0 

11 

10 0 

0 1 

010? 

0 1 

Condylura 

1 

1 

0 

0 3 0 0 

0 

1 

0 0 

0 0 

0 0 

0 

0 0 0 1 

Oil 

1 0 

0 1 

0 1 

0 0 

0 

2 

2 

1 

110 

0 

0 0 1 

11 

0 

11 

0 10 

0 1 

0 0 0 1 

0 1 

Neurotrichus 

1 

1 

0 

0 0 0 0 

1 

1 

12 

0 1 

0 1 

0 

0 111 

0 12 

0 1 

0 1 

0 1 

1 0 

0 

2 

2 

1 

110 

0 

0 0 1 

12 

1 

11 

0 10 

11 

0 0 0 0 

1 0 

Scaptonyx 

1 

1 

0 

0 0 0 0 

1 

1 

12 

0 1 

0 1 

0 

0111 

0 12 

0 1 

0 1 

0 1 

1 0 

0 

2 

2 

1 

110 

0 

0 0 1 

12 

1 

11 

0 10 

11 

0 0 ? 0 

1 0 

Urotrichus 

1 

1 

0 

0 0 0 0 

1 

1 

1 2 

0 1 

0 1 

0 

0 111 

0 12 

0 1 

0 1 

0 1 

1 0 

0 

2 

2 

1 

110 

0 

0 0 1 

12 

1 

11 

0 10 

11 

0 0 0 1 

1 0 

Parascalops 

1 

1 

1 

0 0 0 0 

1 

1 

03 

0 1 

11 

1 

10 11 

0 13 

11 

0 1 

0 1 

11 

1 

3 

3 

1 

110 

1 

111 

2 2 

0 

11 

0 10 

0 1 

10 01 

0 0 

Talpa 

1 

1 

1 

1210 

1 

1 

03 

0 1 

11 

1 

10 11 

0 13 

11 

0 1 

11 

11 

1 

3 

3 

1 

110 

1 

111 

2 2 

0 

12 

0 10 

0 0 

1012 

0 1 

Scalopus 

1 

1 

1 

2 111 

1 

1 

0 3 

0 1 

11 

2 

10 11 

0 13 

11 

0 1 

0 1 

11 

1 

3 

3 

0 

110 

2 

111 

2 2 

0 

12 

110 

0 0 

10 11 

0 0 

Scapanus 

1 

1 

1 

2 110 

1 

1 

0 3 

0 1 

11 

2 

10 11 

0 13 

11 

0 1 

0 1 

11 

1 

3 

3 

1 

110 

2 

111 

2 2 

0 

12 

0 10 

0 0 

10 11 

0 0 


veloped, originating from angular pro¬ 
cess; (1) well developed, originating 
from auditory bulla; (2) reduced or ab¬ 
sent. 

5. M. zygomaticus minor, insertion: (0) 
along lateral margin of external naris; (1) 
into posterior surface of external naris; 

(2) into ventral surface of external naris; 

(3) tendon splits to insert in nasal rays. 

6. M. digastricus venter posterior, stylohyal 
origin: (0) present; (1) absent. 

7. M. stylohyoideus: (0) originating lateral 
to M. digastricus, crossing over it; (1) 
originating medial to M. digastricus, not 
crossing over it; (2) absent or indistin- 
guishably fused to M. digastricus. 

8. M. cricopharyngeus: (0) absent; (1) pres¬ 
ent. 

9. M. trapezius anticus pars capitis: (0) 
present; (1) absent. 

10. M. trapezius anticus pars cervicis, ori¬ 
gin: (0) from dorsal midline of neck; (1) 
from dorsal midline of neck and occiput. 

11. M. trapezius anticus pars cervicis, inser¬ 
tion: (0) on metacromion; (1) on meta- 
cromion, with some posterior fibers on 
vertebral border of scapula; (2) on me¬ 
tacromion, with a separate posterior slip 
on vertebral border of scapula; (3) great¬ 
ly reduced, not reaching scapula. 

12. M. trapezius posticus, origin: (0) from 


lumbar vertebrae; (1) from lumbar ver¬ 
tebrae and iliac crest. 

13. Mm. sterno-cleido-mastoideus/occipita- 
lis complex: (0) 3 elements; (1) 4 ele¬ 
ments. 

14. M. splenius, origin: (0) from nuchal lig¬ 
ament and raphe of M. rhomboideus 
posticus; (1) from nuchal ligament only. 

15. M. serratus dorsalis anterior, insertion: 
(0) via three slips; (1) via two slips. 

16. M. serratus ventralis cervicis, origin: (0) 
a separate posterior head from first rib; 
(1) continuous, extending to first costo¬ 
vertebral articulation; (2) continuous, ex¬ 
tending to first two costovertebral artic¬ 
ulations; (3) from cervical vertebrae 
only. 

17. M. rhomboideus posticus: (0) entirely 
muscular; (1) part of muscle forming 
stout interscapular ligament. 

18. M. rhomboideus posticus, origin: (0) 
from median raphe and vertebral neural 
spines; (1) from median raphe only. 

19. M. atlantoscapularis anterior: (0) pres¬ 
ent; (1) absent. 

20. M. atlantoscapularis posterior: (0) pres¬ 
ent; (1) absent. 

21. M. latissimus dorsi, origin: (0) from tho¬ 
racic and lumbar vertebrae; (1) from tho¬ 
racic and lumbar vertebrae and from il¬ 
iac crest. 
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22. M. latissimus dorsi, insertion: (0) on ter¬ 
es tubercle of humerus; (1) on surface of 
M. teres major. 

23. M. teres major, origin: (0) from axillo- 
vertebral angle of scapula; (1) from lat¬ 
eral surface and vertebral border of scap¬ 
ula; (2) from surface of M. subscapularis 
and vertebral border of scapula; (3) from 
distinct teres fossa, surface of M. sub¬ 
scapularis, and whole vertebral border of 
scapula. Ordered. 

24. M. subscapularis, origin: (0) as two 
heads; (1) as one head. 

25. M. subscapularis, insertion: (0) via two 
tendons; (1) via one tendon. 

26. Mm. acromiodeltoideus and cleidodel- 
toideus: (0) separate; (1) fused. 

27. M. acromiodeltoideus, origin: (0) from 
acromion process of scapula; (1) from 
clavicle. 

28. M. infraspinatus: (0) present; (1) absent. 

29. M. triceps brachii, caput lateralis, deep 
layer: (0) absent; (1) present. 

30. M. extensor digiti quinti, origin: (0) from 
lateral epicondyle; (1) from lateral epi- 
condyle and proximal crest of olecranon. 

31. M. extensor digiti quinti, insertion: (0) 
on digits IV and V; (1) on digit V only. 

32. M. extensor carpi ulnaris, origin: (0) 
from lateral epicondyle and olecranon; 
(1) from lateral epicondyle. 

33. M. extensor carpi ulnaris, insertion: (0) 
on metacarpal V; (1) on sesamoid over- 
lying metacarpal V; (2) on sesamoid 
overlying ulnare; (3) on second phalanx 
of digit IV. 

34. M. subclavius: (0) 1 head inserting on 
clavicle; (1) 1 head inserting on clavicle 
and metacromion process; (2) 3 heads 
inserting on clavicle and metacromion 
process; (3) 3 heads inserting on clavicle 
and acromioclavicular ligament. Or¬ 
dered. 

35. M. pectoralis abdominalis: (0) absent; 
(1) present. 

36. M. sternocuticularis: (0) absent; (1) pres¬ 
ent. 

37. M. coracobrachialis: (0) absent; (1) pres¬ 
ent. 

38. M. biceps brachii, origin: (0) as one 
head; (1) as two heads. 

39. M. biceps brachii, insertion: (0) via one 
slip on proximal radius; (1) via one slip 


on middle of radius; (2) via two slips on 
middle of radius. Ordered. 

40. M. epitrochleo-anconeus, origin: (0) as a 
single head; (1) as superficial and deep 
heads. 

41. M. flexor carpi ulnaris, origin: (0) as two 
heads, from olecranon and from medial 
epicondyle; (1) as one head, from olec¬ 
ranon. 

42. M. palmaris longus, tendon of insertion: 
(0) single, inserting in palm; (1) forked, 
inserting on digits I and V. 

43. M. flexor digitorum superficialis, origin: 
(0) as three heads from humerus; (1) as 
two heads from humerus and one head 
from great flexor ligament; (2) as one 
head from humerus. Ordered. 

44. M. flexor digitorum profundus, condylo- 
ulnaris head, insertion: (0) via separate 
tendon; (1) via tendon with ulnaris pro- 
prius head; (2) fleshily on flexor liga¬ 
ment. 

45. M. flexor digitorum profundus, centralis 
head, origin: (0) from humerus; (1) from 
ulna. 

46. M. flexor digitorum profundus, condylo- 
radialis head: (0) muscular; (1) replaced 
by flexor ligament. 

47. M. flexor digitorum profundus, radialis 
proprius head: (0) tendon separate to car¬ 
pus; (1) inserting directly on main flexor 
tendon; (2) absent. 

48. M. abductor pollicis brevis: (0) present; 
(1) absent. 

49. Mm. flexores breves, manus: (0) present; 
(1) absent. 

50. M. femorococcygeus, head from third 
trochanter: (0) absent; (1) present. 

51. M. extensor digitorum longus, origin: (0) 
as a single head from lateral epicondyle; 
(1) as two heads, from lateral epicondyle 
and from fibula. 

52. M. tibialis anticus, origin: (0) from tibia; 
(1) from tibia and lateral process of fib¬ 
ula. 

53. M. peroneus digiti quarti: (0) present; (1) 
absent. 

54. M. obturator internus: (0) present; (1) 
absent. 

55. M. quadratus femoris, origin: (0) well 
posterior of acetabulum; (1) extending 
anteriorly as far as acetabulum. 
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Fig. 20. Most parsimonious cladogram for the 58 myological characters (Cl = 0.82. RI = 0.90). 
Numbers identify clades, which are discussed in the text and used in the apomorphy list (table 4). 


56. M. tibialis posticus, insertion: (0) on tar- 
sale I; (1) on centrale; (2) absent. 

57. M. flexor digitorum fibularis, medial and 
lateral heads: (0) forming a single ten¬ 
don; (1) forming tendons that remain 
separate to the tarsus. 

58. M. abductor hallucis: (0) present; (1) ab¬ 
sent. 

RESULTS 

The PAUP analysis with unordered char¬ 
acters discovered a single most parsimonious 
tree (fig. 20; apomorphy list table 4). This 
tree has a length of 94, a consistency index 
of 0.82, and a retention index of 0.90. Or¬ 
dering of characters 23, 34, 39, and 43 did 
not affect the tree topology and did not 
change the tree statistics. 

It was not possible to combine my dataset 
with other datasets because previous studies 
of talpid phylogeny have not published data 
matrices. However, I used MacClade (ver¬ 
sion 3.04; Maddison and Maddison, 1992) to 
constrain tree topology to the trees of Hutch¬ 


ison (1976) and Yates and Moore (1990). 
These other schemes of relationships provide 
much less parsimonious interpretations of the 
myological data: Hutchison’s tree (fig. la) re¬ 
quires 30 additional steps (Cl = 0.62, RI = 
0.71), and Yates and Moore’s tree (fig. lb) 
requires a minimum of 33 additional steps 
(Cl < 0.61, RI < 0.69). 

DISCUSSION 

Systematics 

The most parsimonious cladogram for the 
58 myological characters (fig. 20) differs sig¬ 
nificantly from previous hypotheses of talpid 
relationships (fig. 1). Here I assess the sup¬ 
port for the clades identified by this phylo¬ 
genetic analysis, and I compare these clades 
with the groupings recognized in previous 
studies. 

Clade 1: The present analysis discovered 
three unambiguous synapomorphies support¬ 
ing the monophyly of the Talpidae: 35.1, 
52.1, and 58.1. However, this analysis was 
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TABLE 4 

Apomorphy List 

Generated for most parsimonious cladogram (fig. 20). Includes only unambiguous changes. 
* = unambiguous only when ordered. 


Clade 


Character 

Cl 

Change 

1 

35. 

M. pectoralis abdominalis 

0.500 

0-41 


52. 

M. tibialis anticus 

0.500 

0->l 


58. 

M. abductor hallucis 

0.333 

0^1 

Uropsilus 

7. 

M. stylohyoideus 

0.667 

0^1 


38. 

M. biceps brachii, origin 

1.000 

0h>1 

2 

1. 

M. digastricus, venter anterior 

1.000 

0^1 


2. 

Ear pinna musculature 

1.000 

0-41 


22. 

M. latissimus dorsi, insertion 

1.000 

0-41 


23. 

M. teres major 

1.000 

0->l 


27. 

M. acromiodeltoideus 

1.000 

0->l 


33. 

M. extensor carpi ulnaris, insertion 

1.000 

0—>2 


34. 

M. subclavius* 

1.000 

0—>1 


36. 

M. stemocuticularis 

1.000 

0->l 


42. 

M. palmaris longus 

1.000 

0->l 


44. 

M. flexor digitorum profundus, condylo-ulnaris 

1.000 

0-41 


46. 

M. flexor digitorum profundus, condylo-radialis 

1.000 

0->l 


47. 

M. flexor digitorum profundus, radialis proprius 

1.000 

0->l 

3 

7. 

M. stylohyoideus 

0.667 

0—>2 


11. 

M. trapezius anticus cervicis, insertion 

1.000 

0^1 


12. 

M. trapezius posticus 

1.000 

0->l 


21. 

M. latissimus dorsi. origin 

1.000 

0->l 


26. 

Mm. acromiodeltoideus/cleidodeltoideus 

1.000 

0-41 


54. 

M. obturator internus 

1.000 

0-41 

Desmana 

50. 

M. femorococcygeus 

1.000 

0-41 

Galemys 

48. 

M. abductor pollicis brevis 

0.500 

0-41 

4 

9. 

M. trapezius anticus, pars capitis 

1.000 

0->l 


29. 

M. triceps brachialis, caput lateralis 

1.000 

0->l 


34. 

M. subclavius* 

1.000 

1—>2 


43. 

M. flexor digitorum superficialis 

1.000 

0-41 


49. 

Mm. flexores breves, manus 

1.000 

0->l 

Condylura 

5. 

M. zygomaticus minor 

1.000 

0—>3 

5 

8. 

M. cricopharyngeus 

1.000 

0->l 


13. 

M. stemo-cleido-mastoideus/occipitalis 

1.000 

0->l 


15. 

M. serratus dorsalis anterior 

1.000 

0->l 


19. 

M. atlantoscapularis anterior 

1.000 

0-M 


23. 

M. teres major* 

1.000 

1-42 


25. 

M. subscapularis, insertion 

0.500 

0->l 


44. 

M. flexor digitorum profundus, condylo-ulnaris 

1.000 

1-42 


58. 

M. abductor hallucis 

0.333 

1-4) 

6 

10. 

M. trapezius anticus, pars cervicis, origin 

1.000 

0->l 


18. 

M. rhomboideus posticus, origin 

1.000 

0-41 


45. 

M. flexor digitorum profundus, centralis 

1.000 

0->l 


51. 

M. extensor digitorum longus 

1.000 

0^1 


57. 

M. flexor digitorum fibularis 

0.500 

0^1 


Urotrichus No unambiguous changes 


56. M. tibialis posticus 0.667 1—>0 


7 
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TABLE 4 
(Continued) 


Clade 

Character 

Cl 

Change 

Neurotrichus 

No unambiguous changes 



Scaptonyx 

No unambiguous changes 



8 

3. M. cervicoscapularis 

1.000 

0—d 


14. M. splenius 

0.500 

0->l 


16. M. serratus ventralis cervicis 

1.000 

0-d 


17. M. rhomboideus posticus, interscapular ligament 

1.000 

0->l 


23. M. teres major* 

1.000 

2-»3 


31. M. extensor digiti quinti, insertion 

1.000 

0-d 


32. M. extensor carpi uinaris, origin 

0.500 

0^1 


33. M. extensor carpi uinaris, insertion 

1.000 

2—>3 


34. M. subclavius 

1.000 

2—>3 


39. M. biceps brachii. insertion 

1.000 

0->l 


40. M. epitrochleo-anconeus 

1.000 

0-»l 


41. M. flexor carpi uinaris 

1.000 

0-»l 


43. M. flexor digitorum superficialis 

1.000 

1—>2 


53. M. peroneus digiti quarti 

1.000 

0^1 

Parascalops 

No unambiguous changes 



9 

6. M. digastricus, venter posterior 

0.500 

0->l 


47. M. flexor digitorum profundus, radialis proprius 

1.000 

1—>2 


52. M. tibialis anticus 

0.500 

1-K) 


55. M. quadratus femoris 

1.000 

0->l 

Talpa 

28. M. infraspinatus 

1.000 

0^1 


56. M. tibialis posticus 

0.667 

1—>2 


58. M. abductor hallucis 

0.333 

0-d 

10 

16. M. serratus ventralis cervicis 

1.000 

1—>2 


39. M. biceps brachii, insertion 

1.000 

1—>2 

Scalopus 

7. M. stylohoideus 

0.667 

0^1 


35. M. pectoraiis abdominalis 

0.500 

1^0 


48. M. abductor pollicis brevis 

0.500 

0-d 

Scapanus 

No unambiguous changes 




not designed to assess talpid monophyly, and 
it investigated only muscles that were vari¬ 
able within the study taxa. Proper evaluation 
of talpid monophyly would involve more 
complete dissections of outgroup taxa. The 
traditional placement of Uropsilus in the Tal- 
pidae has apparently been based largely or 
completely upon primitive characters. One 
possible osteological synapomorphy for the 
family is a humeroclavicular joint, a direct 
articulation between the lateral surface of the 
clavicle and the greater tuberosity of the hu¬ 
merus. Talpids other than Uropsilus have lost 
the normal mammalian acromioclavicular 
joint and have developed a humeroclavicular 


joint (Dobson, 1882—1890; Campbell, 1939; 
Reed, 1951). Uropsilus definitely retains a 
normal acromioclavicular joint (Campbell, 
1939; Whidden, 1992), but it is unclear 
whether it also has a humeroclavicular joint. 
Dobson (1882-1890) and Campbell (1939) 
reported that Uropsilus has a partial humer¬ 
oclavicular joint, but C. A. Reed (cited in 
Hutchison, 1976: 24) claimed that it has a 
typical mammalian shoulder girdle, with no 
humeroclavicular joint. My own dissections 
were inconclusive on this point. 

Clade 2: This clade, which includes all tal¬ 
pids other than Uropsilus, is very strongly 
supported, with 12 unambiguous synapomor- 
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phies: 1.1, 2.1, 22.1, 23.1, 27.1, 33.2, 34.1, 

36.1, 42.1, 44.1, 46.1, and 47.1. In addition, 
this clade has the complete development of 
a humeroclavicular articulation (Campbell, 
1939; personal obs.). 

Clade 3: Sister-taxon status for the two 
desmans has been generally recognized, and 
is supported by six unambiguous synapo- 
morphies: 7.2, 11.1, 12.1, 21.1, 26.1, and 

54.1, 

Clade 4: This clade groups the aquatic/fos- 
sorial Condylura with the semifossorial Neu- 
rotrichus, Scaptonyx, and Urotrichus plus the 
fully fossorial Parascalops, Talpa, Scalopus, 
and Scapanus. The clade is well supported, 
with five unambiguous synapomorphies: 9.1, 

29.1, 34.2, 43.1, and 49.1. 

Clade 5: This clade links the semifossorial 
Neurotrichus, Scaptonyx, and Urotrichus 
with the fully fossorial Parascalops, Talpa, 
Scalopus, and Scapanus. Although this clade 
was not recognized by either Hutchison 
(1976) or Yates and Moore (1990), it is very 
well supported, with eight unambiguous syn¬ 
apomorphies: 8.1, 13.1, 15.1, 19.1, 23.2, 

25.1, 44.2, and 58.0. 

Clade 6: This clade groups the shrew mo¬ 
les Neurotrichus and Urotrichus with the 
long-tailed mole Scaptonyx. It is supported 
by five unambiguous synapomorphies: 10.1, 

18.1, 45.1, 51.1, and 57.1. Despite the great 
similarity in the external form of these three 
genera, recent classifications (Van Valen, 
1967; McKenna and Bell, 1997) and phytog¬ 
enies (Hutchison, 1976; Yates and Moore, 
1990) have separated Scaptonyx from Neu¬ 
rotrichus and Urotrichus. Van Valen (1967) 
used the relatively unspecialized dentition of 
Scaptonyx to justify this separation, and Zie¬ 
gler (1971) claimed that tooth loss patterns 
made it extremely unlikely that these three 
genera are closely related to one another. 
However, tooth loss has occurred repeatedly 
in moles, and Nowak (1991) held that vari¬ 
ation in tooth number is of little value in their 
classification. Yates and Moore (1990) listed 
three genic characters (presumably allozyme 
electromorphs) as uniting Neurotrichus and 
Urotrichus with the New World fossorial 
moles, to the exclusion of Scaptonyx, but 
they did not identify these characters. 

Clade 7: Sister-taxon status for Neurotri¬ 


chus and Scaptonyx is supported by one un¬ 
ambiguous synapomorphy, 56.0, a reversal. 

Clade 8: A clade uniting the four fully fos¬ 
sorial genera ( Parascalops, Talpa, Scalopus, 
and Scapanus ) is very strongly supported, 
with 14 unambiguous synapomorphies: 3.1, 

14.1, 16.1, 17.1, 23.3, 31.1, 32.1, 33.3, 34.3, 

39.1, 40.1, 41.1, 43.2, and 53.1. Despite the 
strength of this support, neither Hutchison 
(1976) nor Yates and Moore (1990) consid¬ 
ered the fully fossorial moles to be mono- 
phyletic (fig. 1). As noted earlier, I was not 
able to dissect Scapanulus, the Kansu mole 
from central China, but external form sug¬ 
gests that it is a member of this clade. Hutch¬ 
ison (1968) reported that Parascalops and 
Scapanulus are the only talpids with tetra¬ 
hedral heterotopic bones between the clavi¬ 
cles and the manubrium, and these may be a 
synapomorphy uniting Parascalops and Sca¬ 
panulus as sister taxa. 

Clade 9: This clade links the Old World 
Talpa with the New World Scalopus and 
Scapanus. It is supported by four unambig¬ 
uous myological synapomorphies: 6.1, 47.2, 
52.0, and 55.1. Two derived basicranial char¬ 
acters provide further support: expansion of 
the ectotympanic to form a complete audi¬ 
tory bulla, and pneumatization of the basi- 
sphenoid region (personal obs.). Neither 
Hutchison (1976) nor Yates and Moore 
(1990) recognized this clade, but 1 consider 
it to be very well supported by the combi¬ 
nation of myological and basicranial char¬ 
acters. 

Clade 10: Sister-taxon status for Scalopus 
and Scapanus has been generally recognized, 
and is supported by two unambiguous syna¬ 
pomorphies: 16.2 and 39.2. 

Biogeographic History 

Comprehensive treatment of the biogeo¬ 
graphic history of the Talpidae will require a 
phylogenetic analysis that includes the nu¬ 
merous described fossil talpids. However, the 
present phylogenetic analysis can be com¬ 
bined with information on recent (table 1) 
and fossil distributions of the extant taxa to 
make some inferences about talpid biogeog¬ 
raphy. The oldest fossils assigned to the Tal¬ 
pidae ( Eotalpa, Geotrypus, and Myxomygale ) 
are all from the late Eocene of Europe (Me- 
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Fig. 21. Present continental distributions mapped on most parsimonious cladogram. Distributions 
from Corbet and Hill (1991). 


Kenna and Bell, 1997). In contrast, talpids 
do not appear in Asia until the Oligocene and 
in North America until the late Oligocene 
(McKenna and Bell, 1997). These time dif¬ 
ferences suggest an origin for the group in 
Eurasia. They also suggest that the present- 
day North American mole fauna was derived 
through dispersal from Eurasia. 

The paleogeographic evidence is consis¬ 
tent with this interpretation. Europe was ap¬ 
parently an island in the late Eocene when 
talpids first appear in the fossil record: the 
North Atlantic land bridges that connected 
Europe and North America in the early Ter¬ 
tiary had begun to break up by the early Eo¬ 
cene, and the Turgai Strait (Obik Sea) still 
separated Europe from Asia (McKenna, 
1975, 1983b). The Turgai Strait was drying 
up by the end of the Eocene, and there is 
evidence of extensive faunal exchange be¬ 
tween Asia and Europe in the early Oligo¬ 
cene (McKenna, 1983b), just when talpids 
appear in Asia. Dispersal between Eurasia 
and North America could have occurred 
across remnants of a North Atlantic connec¬ 


tion, parts of which may have persisted until 
the Miocene (McKenna, 1983a, 1983b), but 
more likely it took place across a Bering land 
bridge, which apparently connected eastern 
Asia and western North America for most or 
all of the Tertiary (McKenna, 1975, 1983b). 

Mapping the present continental distribu¬ 
tions of the study taxa on the most parsi¬ 
monious cladogram supports a Eurasian ori¬ 
gin for the group (fig. 21). It also implies at 
least four dispersal events between Eurasia 
and North America. Although the mapping 
is ambiguous on the direction of the dispers¬ 
als and on the taxa involved, the known fos¬ 
sil distributions of the extant taxa favor cer¬ 
tain interpretations. Condylura is presently 
restricted to eastern North America, but it has 
been reported from the Pliocene of eastern 
Europe (Skoczen, 1993). This suggests an or¬ 
igin in Eurasia, dispersal to North America, 
and then subsequent extinction in Eurasia. 
Neurotrichus is presently restricted to west¬ 
ern North America, but it has also been re¬ 
ported from the Pliocene of eastern Europe 
(Skoczen, 1993). The related Scaptonyx and 
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Urotrichus are known only from Eurasia 
(McKenna and Bell, 1997). These distribu¬ 
tions suggest that this shrew-mole clade (fig. 
20, clade 6) is essentially Eurasian, and that 
the occurrence of Neurotrichus in western 
North America is due to dispersal across Ber- 
ingia, possibly as recently as the Pleistocene 
or Recent. Finally, monophyly of the fosso- 
rial moles (fig. 20, clade 8) implies at least 
one dispersal event between Eurasia and 
North America by a fully fossorial taxon. 
Parascalops is presently found only in east¬ 
ern North America, but it has been reported 
from the Pliocene of eastern Europe (Sko- 
czen, 1993). In contrast, Talpa is known only 
from Eurasia, and Scalopus and Scapanus 
are known only from North America (Mc¬ 
Kenna and Bell, 1997). These distributions 
suggest independent dispersals from Eurasia 
to North America by Parascalops and by the 
common ancestor of Scalopus and Scapanus. 
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